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,1’ tbiugs only fragmentary and imperfect, and it has not been 
)06sible to 8U gg^b a reason why compounds containing the grouping 
or CO‘0* should form series so different in character from 
ither series. The Quantum Theory has not yet been extended to 
nclude the investigation of complex molecules, but there is no 
louht that a knowledge of the vibration frequency (v), and the 
ipecific heat over a wide range of temperature, is essential for a 
jomplete mathematical treatment. The determination of the melt- 
;0g points of a large group of similar compounds is at all events a 
in this direction. 

thanks are due to Dr. P. A. Levene for a specimen of tri* 
iecoic acid, and to the Chemical Society for a grant, which has 
partly defrayed the cost of the investigation. 

Impebial Coixbos or Scebncs and Technology, 

South Kensington. 

[Received, September \lth, 1919.] 


CXIL— EJ^ect of Sea-salt on the Pressure of 
Carbon Dioxide and Alkalinity of Natural 
Waters. 

By Edmund Bkydges Rudhall Prideaux. 

The total '‘uncompensated base” or alkali present as carbonate 
md, hydrogen carbonate in sea-water has been determined by 
Schlcesing and Dittmar and by many later investigators. The 
method used is nearly always titration with standard acid and an 
indicator of the methyl -orange class, and is subject to the errors 
of such titrations. The results, expressed in mi Hi -equivalents per 
litre, are 2 ‘48 (Schloesiiig) and 2’41 (Dittraar), Moore, Herdmau. 
and the author found values ranging from 2 36 to 2 '50 (extreme 
values), average 2 '44, in the water of the Irish sea from November. 
1912, to July, 1913 (Herdman, “Report on the Lancashire Sea- 
Fisheries Scientific Investigations for 1914," Tratis. Biol. Soc. 

1915, 29 ). 

Pos [Trans. Faraday 5oc., 1909, 5, 68), by boiling with e.xcess 
of standard hydrochloric acid and titrating with standard sodium 
Vroxide and phenolphthalein, found the equivalent of 40 milli- 
grams of hydroxylion on the average, or 2*35 iiiilli-equivaleut.^. 
Thft author, in June, 1913, using the same method, found 2'30. 

^OL. CXV. a A 
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The total carbonic acid may be obtained by boiling with an 
excess of sulphuric acid in a current of air and absorbing the 
carbon dioxide in standard barium hydroxide, solution. In nearly 
all cases, however, the alkali of the carbonate and hydrogen 
carbonate, and hence the total carbon dioxide, has been obtained 
from the titrations with phenolphthalein and methyl-orange, the 
difference between these (in equivalents) being numerically equa) 
to the number of molecules of carbonic acid present. The amount 
of water taken in the work referred to above is 100 c.c., to which 
five drops of 01 per cent, phenolphthalein are added, and the 
acid (i\^/ 100 - or J/50-hydrochloric acid) is run in until the colour 
completely disappears. Then five drops of 0*1 per cent, dimethyl- 
aminoazobenzene or methyl-orange are added, and the titration is 
continued to a decided reddish-orange. With regard to the 
phenolphthalein titration, it may he remarked that in fresh water 
iV/lO- down to iV/lOOO-hydrogen carbonate solutions are still 
slightly alkaline to phenolphthalein (pfj = 8’4 to 8 * 2 ), and the 
titration should therefore be continued until a weak colour 
remains. In the case of sea- water, however, the by extrapola- 
tion of the values given later and by direct measurement (see 
below) is 7-6. This, owing to the presence of salt, will appear to 
have a of about 7-8. Consequently, the titration should be 
continued until the solution is quite colourless. The methyl, 
orange titrations in dilute solutions, and especially in such as 
contain salt, are likely to he high, This was verified in the 
standard carbonate solutions and neutral sea-water, and it was 
found that from 1 to 2 c.c. of J/ 100 -hydrochloric acid should be 
subtracted from the titrations of 100 c.c. Thus the total alkali 
is probably 2*24 to 2*34 milli-equivalents per litre. Since the 
number of c.c. of J/ 100 -acid required in the phenolphthalein 
titration is from 1 to 3 for 100 c.c. of water, that is, 0*1 to 0*3 
milli-equivalents per litre, the value of 7? = equivalents of alkali™ 
molecules of carbonic acid is from 2'3/2‘2-l'04 to 2'3/2’0 = lT5. 
It may be noted that Schla’sing found carbonic acid equivalent to 
98'3 milligrams of carbon dioxide and alkali equivalent to 99'3 
milligrams of SO 3 , from which 72 = 1 * 12 . 

The alkalinities corresponding with all stages of neutralisation 
of carbonic acid at different concentrations have already been 
expressed as general eqiiations (/Voc. Roj/. Soc., 1915, [.4], 

535 ), and- those which refer to the dilute solutions contain only 
the dissociation constants of carbonic acid and the water constant, 
together with the, experimental quantities C = total concentration 
of carbonic acid and E the ratio of alkali to acid. From the 
curve (foe. cif.) connecting p„ and E, which agrees well with the 
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exiJeniueutai {ilkahnities oi liaid water, etc., the following values 
have been taken in the loy^ of calculated values : 


O. 

0-001 

0-002 



1-06 

1-08 

MO 

J0h=® 

9-0 

9'15 

9-25 

Pr = 

8-7 

8-9 

8-95 


M2 

9‘35 (calculated) 
8-9 (observed) 


Obviously, the alkahnities are much greater than those found 
iu the case of the same carbonate solutions present in sea^water. 
It seemed desirable to check experimentally this part of the curve 
iQ the case of fresh water. 

standard carbonate solutions were prepared by methods in- 
aependent of indicators and titrations. Some .)// 10-sodium 
carbonate was made in the usual way. The factor, from the 
«ight of sodium carbonate, was I'Olo, by conversion into sodium 
sulphate I'OIB, and by titration, using methyl-orange, I'OiS. 
Some uV/lO-bydroehloric acid made by dilution from a’ known 
standard and again analysed by conversion into silver chloride had 
a iactor of 1 -000. Mixtures (1), (2), (3), (4) were made from 
tee by adding to 50 c.c. of the df/lO-sodium carbonate 47'75 c.c,, 
etc., of the hydrochloric acid in order to produce solutions of ratios 
1-06, etc., as above. These were kept in tightly corked flasks. 
So many c.o. were taken as contained the equivalent of 2-2 o.c. 
of .1/ 10-alkali [for example, of mixture (1) 4 o.c.] and made up 
to 100 o.c. with distilled water free from carbon dioxide These 
solutions were all 0-0022.V with respect to alkali and o’o021 to 
0'00196Jf with respect to carbonic acid. Measured amounts of 
phenolphthalein were added, and the samples matched against the 
Sorensen borate-hydrochloric acid standards. The results are 
liven in the third row above. The curve for C = 0'002 should fall 

ightly above that calculated for C -^0-001; actually it is divbtlv 

'low. ^ ‘ » J 


Tb connexion was then determined between and R of sea- 
ater, m which the value of R was accurately known. The same 
:andard carbonate solutions were diluted with neutral sea-water 
35tead of with distilled water. 

Many experiments carried out with the view of depriving sea- 
water or sea-salt of its “uncompensated base” and leaving it in 
neutral condition were not sufficiently successful to warrant the 
» 01 mch water in investigating the effect of adding such small 
“Sues of carbonates and hydrogen carbonates. An artificial 
fflewas therefore made from the crystallised salts, which possessed 
“average composition given in Clarke’s “Date of Geochemistrv." 
omitting the potassium salts and othen present in such small 
'Sts that they were likely to b,ave a negligible effect on tlie 

3 A 2 
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ulkalinities. This water was tested for neutrality by means of 
rosolic acid, which gave a yellow colour quite indistinguishable 
from that of a standard neutral solution having . Ihe 

addition of 0*2 c.c. of / iOO-hydrochloric acid and ^/lOO-sodium 
hydroxide to this water (10 c.c.) produced a perceptible change of 
colour, showing that the brine contained no appreciable amount 
of hydrolysed salts or hydrion regulator. , , , 

The solutions were then made up from the standard carbonates 
and this salt water as before. To 10 c.c. were added eight drops 
of OT per cent, phenolphthalein or six drops of 0-04 per cent, 
a-naphtholphthalein. The salt error of the former is about Od 
in and that of the latter is the same to a sufficiently close 
apprLimation (Sorensen). The hydrion standards used for com- 
paLon were (1) the horate-hydrochloric acid mixtures of 
Lrensen (2) the partly neutralised mixture of phosphoric, acetic, 
!ud bori; acids, wLh were previously found by the author (Pmc. 
Roy Soc., 1916, [i], 92, 163) to replace suitably the boiate 
standards from to S'O. The results are as follows: 


pn found 

pij corrected for salt... 


106 

8-1 

7‘9 


1.08 MO M2 

8.3 8-36 8*3 

8-1 8*15 8.1 


As in the case of the water without salt there is practically r.o 
change in the alkalinities between fl = l-08 and if -1 1-. 

TUs was the case also both in the fresh and salt solutions having 

fn the presence of so much salt, leading to a diminished hydrolyas. 
The eSer^^tal fact, however, in itself seems to involve i. 
chemical and geochemical consequences, which will be co"*' ® 
^teTTome results on the equilibrium with atmospheric carbon 

The question whether sea-water is or is not wt 

atmospheric carbon dioxide has been mi^ discussed^ Foxj^^- 
bas-roade a most useful senes of observations 

LlU,,. Tk, .1 kjl~. - 

at present. Obviously there m a relation ^ ^ 1 ,, data 

tent and pressure of carbon dioxide, and. indeed, from t 
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at pr««nt available it should be possible to calculate the latter 
froffl the valuee for hydrion, B, etc. There are still, ho'wcver, 
difficulties in the way of doing this, except by empirical equations, 
goino simple experiments carried out in the spring of 1919 at 
port Erin throw some light on this question. Pure air, taken 
from outside the laboratory, was bubbled through sea-water for 
periods varying from a few hours to twenty-four and twenty-seven. 
The value of found in this water was always 8T, 

Kumerous blank experiments were being made during this 
period on the sea-water freshly d^wn, and the values varied 
between 8’ 2 and 8’3. This alkalinity was preserved when the 
water was allowed to remain motionless for a day or more in the 
laboratory. Thus, the sea-water when exposed to a current of air 
gained carbon dioxide in every case, and this although the 
alkalinity was distinctly low for the time of year, since the surface 
^ater had been mixed with the lower layers and brought into 
better contact with the air by recent storms. The usual range 
in sea-water is from 7*95 to 8’35, but values below ;?^j = 8T are 
exceptional in the case of surface waters, although they have been 
found in the Skager Pack and off the coast of Norway. 

According to the above experiments, all waters of higher 
alkalinity than p„=8'l, that is, nearly all surface waters, will 
gain carbon dioxide from the air. The experiment was repeated 
on the artificial sea -water, which was made np with carbonates so 
that Pit was 8*2. By saturation with a current of air. this was 
reduced to 7*9 or 8*1 as measured by different standard solutions 
and indicators. From the measurements of the neutral sea-w^ater 
containing known amounts of alkali and carbonic acid, it is seen 
that ^ii = 8T in salt water corresponds with a ratio of about 1*08. 
and therefore any sea-water containing less than 2*2/1*08 = 2*04 
millimols. of carbonic acid to 2'2 milli-equivalents of alkali should 
gain carbon dioxide from the air. 

This result may be compared with a deduction from Fox's 
raeasm^menta of the absorption of carbon dioxide in salt waters 
of varying salinity and alkalinity. The '‘physically dissolved” 
carbon dioxide is expressed as c.c. of the gas “a” dissolved at 
different temperatures for each 0*01 per cent, of carbon dioxide in 
the air. Thus, for his highest salinity = 20 per cent, of chlorine, 
which is nearly equal to that of the artificial salt water of the 
present work, pa=^ 3 x 0'0875 =0*2625 c.c. per litre of water at 
and =0*0003 atmosphere. 

The carbon dioxide combined with alkali h" is given for each 
^mlligram of alkali expressed as hydroxyl and for each pressure 
and' temperature of carbon dioxide. At ? -16'^ and =0*0003 
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atmosphere, b is 1‘18. Taking Fox's value of the total alkalis 
40 milligrams of hydroxyl, or 2 ‘35 milli-equivalents, the total 
carbon dioxide = 0'26 + (M8 x 40) c.c. : 

^ ^ equivalents alkali _ 40 x 22'4 _ 
niols. of carbonic acid 17 x 47‘46 

If the sea-water has a total alkalinity of 2' 2 milli-equivaleuts, 
or 37‘4 milligrams of hydroxyl, R becomes 1*05. The value of 
R in equilibrium with air is not greatly affected by changes of 
temperature; thus 1*11 at 16^ becomes T09 at 12® and Mio 
at 18®. 

Thus the direct experinieiital result is confirmed that, in a water 
of total alkalinity equal to 2*2 milli-equivalents, the lowest ratio 
and the highest acidity that is normally encountered in sea-water 
is only just in equilibrium with atmospheric carbon dioxide, and 
that in all other eases the water will gain carbon dioxide. 

The surface waters of the sea gain carbon dioxide, not only 
from the air, but also by mixture with the subjacent layers in 
which low values of are almost invariably found, and likewise 
by the decay of plants. It is apparently only the photosynthetic 
action of seaweeds, plankton, etc., which maintains alkalinities 
of more than 8-1 in the surface waters. There is no known in- 
organic chemical agency w^hich is ca])able of doing this. At the 
same time, since the pressure of carbon dioxide in the sea becomes 
greater than that in the atmosphere at alkalinities below 
the alkalinity of surface waters cannot fall much below this point. 

The alkalinity of bicarbon at ed fresh w’aters is also kept at about 
p„-8, but by a different chemical equilibrium. In these cases, 
the ratio R, as defined above, is I’OO. and this, from the curve 
already quoted, corresponds with p^^ = S'2. Solutions which have 
the higher ratios found in sea-water, namely. 1‘06 to 116, and 
contain quite an appreciable amount of carbonate, could not long 
exist in Fresh water; they give a strong pink colour with phenc^- 
phthalein, as already determined, and would rapidly gain carbon 
dioxide from the air, and })rohably also in many cases deposit 
c.alcium carbonate or basic magne.sium carbonates. The conver?p 
effect is best seen by noting the probable course of events when a 
fresh water of temj^nrary hardness 11, consisting of hydrogen 
carbonates having the same total alkali concentration as the sea, 
becomes mixed witli it. The static acidity would be greatly raised , 
thus, if the salt could be added to the original hydrogen carbonate, 
p^^ would fall to 7 ‘6. This was found by an experiment in which 
the calculated quantities of the ••tandard carbonate and hydro- 
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chloric acid were added to the neutral sea-water and the colour 
given with a-naphtholphthalein was matched against a "'mixed 
acid” alkali standard. By the mixture of equal volumes of the 
fresh water and sea-water, the alkalinity would assume an inter- 
jiiediate value, and one lower than that in normal surface waters, 
whilst the pressure of carbon dioxide would be correspondingly 
}iigh, and carbon dioxide must be given up to the air or to other 
large quantities of water until R rises again to 1*05. It is quite 
possible that the higher acidities and pressures of carbon dioxide 
which have been observed everywhere below the surface are due 
mainly to this cause — the continued* addition of bicarbonate waters 
^without any adequate opportunity of yielding up the excess of 
carbon dioxide from such immense masses of water. It may also 
be noted that were it not for the effect of salt in raising to such 
a high degree the acidity and pressure of carbon dioxide which 
correspond with a given proportion of alkali and carbon dioxide, 
the sea would contain much more carbon dioxide than it actually 
does. Thus, if it consisted of a dilute hydrogen carbonate solu- 
tion, such as a hard water in equilibrium with the air, it would 
contain about 5*5 per cent, more carbon dioxide combined with 
the same quantity of alkali. Since the total carbon dioxide is 
about 50 c.c. per litre, every cubic metre of sea-water would con- 
tain 2‘25 litres of carbon dioxide more than at present. The 
relative availability for plant life of the carbon dioxide in fresh 
and salt waters is a different question. As shown by ^loore and 
his collaborators {lor: cit.), the flora of the sea can use the carbon 
dioxide of the hydrogen carbonate to a certain limit which 
approximately corresponds with the production of carbonate. 
Now. owing to the effect of the salt, sea-water in equilibrium with 
the air already has a ratio of T04 to 1'06; there is some carbonate 
present. The alkali present in fresh water in equilibrium with 
the air, and of almost the same alkalinity, is practically all as 
hydrogen carbonate. Therefore, in the fresh w’ater of the same 
total alkalinity, for example. 2’ 2 milli-equivaleuts per litre, there 
is more carbon dioxide available before the carbonate point is 
reached. On the other hand, far more carlxin dioxide can be 
abstracted from sea water without an excessive rise of alkalinity. 

A sea-water of original ratio-- 1-06 by abstraction 

of carbon dioxide, have K changed to Tifl ^ ^ losing 8 7 

per cent, of the original carbon dioxide, and still only have an 
alkalinity corresponding with p,f--8'3r). A fresh water of original 
iati(( - 100 can have this changed to R 106 bv losing o u per 
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etnt. of the original carbon dioxide, but this changes the alkalinity 
to the high value corresponding with — 

The author desires to make grateful acknowledgment of the 
assistance given by the Percy Sladen Memorial Trust towards this 
research. 

Maeine Biological Station, UiovEitsirr Colleoe, 

PoBT Erin, Isle of Man. Nottinoham. 

{Received t July 22 nd, Iftig.] 


CXIII . — The Rate of Hydrolysis of Methyl Acetate 
by Hydrochlonc Acid in Water- Acetone Mixtures. 

By George Joseph Burrows. 

In a previous paper (T., 1914, 105 , 1260) the author recorded 
^ome experiments on the inversion of sucrose by acids in water- 
ethyl alcohol mixtures. It was there found that the rate of 
inversion at first decreased slightly as water was replaced bv 
alcohol up to about 50 per cent, of alcohol, and then increased. 
It was concluded from the results that the catalytic activity of 
the acid was really greater in alcohol than in water, and that the 
addition of water had a depressing effect on the rate of hydrolysis. 
At the same time, the author was unable to explain the decrease 
in the rate of inversion which results from the replacement of 
water by alcohol up to 50 })er cent, mixtures without assuming 
that the mixed solvents had some specific effect on the rate of 
reaction, and it was there suggested that this was due to a change 
in the fluidity of such mixtures, causing a variation in the rate 
of catalysis similar to that observed in conductivity. 

In obtaining the results in that work, the reaction was treated 
as a unimolecular one. the concentration of the water being 
neglected. This assumption was made in view of the fact that 
even in a solution containing 75 per cent, of alcohol by volume the 
ratio of the number of molecules of water to molecules of sugar 
present at the commencement of the reaction was 45,. so that the 
decrease in concentration of the water during the reaction was 
only 1/45 of its original value. In a 50 per cent, alcohol mixture 
the ratio was 91. Under these conditions, it was considered that 
the concentration of the water could be omitted from the equation 
and the reaction considered as jinimoleciilar. 
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Ifj however, the concentration of the water is considered, th 
vaiw® calculated from the himolecular equation 



t{u) - b) 


b(Tv - ar) 
w[b - x) 


(where h and w are the number of gram-molecules of sugar and 
water respectively in the solution at the beginning of the reaction), 
is, of course, much smaller than the corresponding value of k 
obtained from 


In this case, the total concentration of water is considered to 
represent its mass as one of the active substances, irrespective of 
the fact that it is present in large excess and only a small fraction 
of the total concentration is used up during the reaction. 

The difference between the values of k and is shown in the 
following table: 


Sucrose (10 per cent.) and ydrochloric Ac^d at 25 0^. 


Alcohol 



(volume 



per cent.). 

k. 

k,. 

0-0 

0-00219 

0-0000427 

16*7 

0-00213 

0 0000491 

25-0 

0-00204 

0-0000519 

400 

0-00192 

0- 0000607 

500 

0-00176 

0-0000667 

60-0 

0-00185 

0-0000877 

75-0 

0-00208 

0-0001603 


It will be seen that whereas the values of k pass through a 
minimum for a certain mixture, the values of steadily increase. 

It appeared of interest to see if similar results would be 
obtained in the case of ester hydrolysis, and with this end in view 
experiments have since been performed on the rate of hydrolysis 
of methyl acetate by hydrochloric acid. Owing to its effect on 
the equilibrium, alcohol could not be used as one of the solvents 
in this research, so that the experiments were performed in mix- 
tures of acetone and water. Acetone undergoes change under 
tbe mEuence of the acid used in the hydrolysis, but it has been 
turned that this has no effect on the rate of hydrolysis of the 
oethyl acetate. 

The acetone used in these experiments was dried over and dis- 
tilled from calcium chloride. The methyl acetate was freed from 
acetic acid by means of sodium carbonate and was distilled from 
calcium chloride;- it was neutral to litmus. The volume of the 

A^ 
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solution was adjusted at the temperature of the experiment, whict 
was 25° in every case. The acetone percentages given are by 
volume; thus 70 per cent, acetone was prepared hy mixing seven 
volumes of acetone with three of water. In preparing a 5 per cent, 
solution of methyl acetate for hydrolysis by iV/ 2 -hydrochloric add 
in 70 per cent, acetone, the following method was adopted: 10 c.c. 
of methyl acetate were diluted to 100 c.c. at 25° with 70 per cent, 
acetone (A), 20 c.c. of SiV-hydrochloric acid were mixed with 
46' 7 c.c. of anhydrous acetone, and the mixture was diluted to 
100 c.c. at 25° with 70 per cent, acetone (B). Equal volumes of 
(A) and (5) were then mixed in a dry flask and placed in a 
thermostat at 25°. The weights of water and acetone used in 
preparing the solutions were also determined, so that all concen- 
trations can be expressed in terms of gram-molecular weights. 
The reaction was followed in the usual way by titrating 5 c.c, of 
the solution under investigation with baryta solution after 
different intervals of time, the increase in titre indicating the 
concentration of the acetic acid produced. At first the reaction 
^was treated as imimolecular, and the values of k were calculated 
from the equation 

1 ^_^^^ihn + 2nx{J^hn + l-l) 

t -t-1 ihn - 2nxi + 1 + 1 ) 

obtained by mtegrating||^-^*(^-^)-^ 2 ^'^^' 

In this equation where $ represents the amount of 

ester which actually undergoes hydrolysis up to the equilibrinm, 
b is the initial concentration of ester, and x the amount hydrolysed 
in time t. It was found that the above equation gave values of 
k which were quite constant for any particular solution. How- 
ever, in the case of a series of experiments in different water- 
acetone mixtures, it was found that as the water was replaced b; 
acetone the value of k at first decreased and then increased. 

Owing to the relatively small concentration of water in min- 
tions containing a high percentage of acetone, it was then decided 
to calculate all results also from the equation for a himolecular 
reaction. The equation usetl was that given by Griffith and Lems 
(T., 1916, 109, 69), 

i = 1 ^ A + y + -2(K-\)x A-j ... ( 2 , 

' tA ^A-y-2{K-l)x A + y 

obtained by integrating ^ = k^{h - - x) - 
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wbei» 

jtj=rat© of hydrolysis, 

/^., = rate of esterification, 

initial number of gram -molecules of methyl acetate in 
1000 c.c. of solution, 

„•=: initial number of gram-molecules of water, 

.r- number of molecules of ester decomposed in time t. 

In equation (2), 

y = (w + fe) 

A = + b)'^ -h 4(^1 - 1 }wb 

irol ^ “ .,-^"“'-^-^7'" at equilibrium. 

Lset-tit .v-ia X Og.ieoln,! 

The values of both k and obtained in any solution were found 
to be constant. This is seen in tables I and II, which contain 
the results for the hydrolysis of 5 per cent, methyl acetate by 
,V,'2-hydrochloric acid in 80 and 90 per cent, acetone (by volume) 
respectively. 

Table I. 


80 Per cent. Acetone. 
J, = 0-6267; u?==10*20; 


t. 

X. 

h, X 10^ 

k X 10*. 

0 

— 

— 

— 

48-5 

0-0506 

7-41 

7-51 

78-5 

0-0819 

7-44 

7-79 

111 

0-1095 

7-43 

7-66 

138 

01314 

7-34 

7-44 

168 

01675 

7-44 

7-55 

228 

01 992 

7-32 

7-40 

268 

0-2200 

7-36 

7-43 

318 

0-2592 

7-47 

7-52 

401 

0-2983 

0-4963 

7-31 

7-35 


Mean .. 

. 7-40 

Mean 7-51 


Table II. 

90 Per cent. Acetone. 


0-6267 ; w - 

t. 

-4*752; A' = 8*97. 

z. 

A-, X 10^. 

k> 10* 

0 

— 

— 


50 

006.36 

19-77 

9-35 

85 

0-0991 

18-95 

8-91 

10 

0-1262 

19-35 

9-08 

140 

0-1523 

19-12 

8-94 

206 

0-2018 

18-91 

8-80 

263 

0-2435 

19-80 

0-18 

:124 

0-2695 

19-34 

8-94 

400 

0-2967 

19-16 

8.82 

484 

0-3102 

19-63 

900 


0-3608 


— 


Mean ... 

19-56 

Mean 9-00 
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In table III is given a summary of results obtained for ths 
hydrolysis of 5 per cent, methyl acetate by iV / 2 -hydrochloric acid 
in different water-acetone mixtures. The value of b is 0*6267 in 
each case. The value of K was determined by ascertaining at 
the completion of the reaction the amount of acetic acid produced 
and then calculating the equilibrium constant. It was found that 
the numbers so obtained varied with the different solutions. This 
method of determining the conditions at equilibrium by analysinc? 
the solution actually used for the rate of hydrolysis is undoubtedly 
open to error, as a small amount of the volatile substances must 
escape each time the flask is opened to determine the concentra- 
tion of acetic acid at each particular time. The amount lost iu 
this way during a complete experiment would probably be sufficient 
to introduce an error into the value of C (acetic acid), and this 
might lead to quite a large error in the value of K. The varia- 
tions in K are possibly due to a small error in the values of the 
concentrations of acetic acid found for the various solutions. At 
the same time, it has been found that a comparatively large differ- 
ence in K produces only a small difference in the value of 
Thus the mean value of for a solution containing 90 per cent, 
of acetone is found to be 19*56 when £‘ = 8*97 and 18*7 when K 
is taken as 5, the approximate value found in the other solutions. 

In the latter case, however, the numbers obtained for decrease 
regularly, whereas if the experimental values of K are taken there 
is no such decrease. For this reason, it has been decided to employ 
the values of K actually found, although it is realised that the 
variation in its value for the different solutions may be due, in 
part at least, to the method of determination. 

In the following table, the values under k are calculated from 
equation (1), those under k^ from equation (2), 


Table III. 


Methyl Acetate (5 per cent.) and j'2-/lydrochloric Acid. 


Acetone 

Gram-molecule-s 





(volume 

of acetone 





per cent.). 

per litre. 

W. 

K. 

k, X 10^ 

ifcxlOt 

0 

0 

52*32 

5*40 

2*76 

13*58 

20 

2-66o 

42*46 

5*10 

3*03 

12*28 

40 

5-39 

32*08 

4*38 

3*38 

10*33 

60 

8-10 

2i*23 

4*47 

3*86 

7*91 

70 

. 9*42 

15*72 

4*61 

4*56 

7*05 

80 - 

10*66 

10*20 

5*14 

7*40 

7*61 

90 

11*84 

4*732 

8*97 

19*56 

9-00 

It will be 

seen that the 

value of 

increases 

regularly 

as water 


is replaced by acetone as solvent. The values in the sixth column 
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k, however, at first decrease as water is replaced by acetone 
and then increase. 

A similar result was obtained for the hydrolysis of 2*5 per cent, 
methyl acetate by iV/lO-hydrochloric acid. Owing to the small 
amount of methyl acetate actually present at equilibrium, the 
value taken for iT for each of the solutions in this series was the 
value found in the corresponding solution with 5 per cent, methyl 
acetate and iV'/2-hydrochloric acid. 


Table IV. 

Methyl Acetate (2*5 per cent.) and ^ l\0'H>pJroehlorir Arid. 
In all cases, 5 = 0‘3133 gram-molecules per litre. 


Acetone. 

Gram -molecules 

per cent. 

of acetone. 

0 

0 

20 

2'73 

40 

6«53 

60 

8*31 

70 

9*68 

80 

10-96 

90 

12-19 


w. 

ifc,xI0‘. 

ifcxl0<. 

54-00 

4-78 

2-60 

43-97 

5-40 

2-39 

33-44 

5-76 

1-90 

22-26 

6-40 

1-42 

16-62 

7-42 

1-22 

10-95 

10*23 

1-13 

5-351 

23-60 

1*26 


Di^cu^^ion of 


If the values of given in tables TIT and IV are plotted against 
water concentrations, they are found to lie on a rectangular hyper- 
bola. In the accompanying diagram, a graph is also shown for 
tbe results obtained for sucrose inversion given under in the 
table at the beginning of this paper. It will be seen that the 
three curves are similar in shape and indicate the decrease in 
catalytic activity of the acid wdiich accompanies an increase in the 
water concentration. 

Snethlage {ZeiUch. pfip-^ikaL Chtif}., 1913, 85 , 253). Acree 
[Amr, Ohem. J., 1912. 48 , 352), and Taylor (Zeitsck. Efektro- 
ckm., 1914, 20 , 201) have advanced the theory that the undis- 
sociated molecule of the acid also acts as a catalyst, the activity 
of the undissociat^ molecule of hydrochloric acid varying for 
different reactions up to a value twice that of the hydrogen ion. 
In order to account for the present results according to this theory, 

it would be neceasary to assume that is about 20 {k„ being the 

Mivity of the undissociated mole<'ule and that of the hydrogen 
loa). Figures are not available for the degree of dissociation of 
^hydrochloric acid in water-acetone mixtures, hut in discussing the 
■■esultfl obtained for the inversion of sucrose (he. cit.), the author 
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gave values of a (HCl) deduced for water-aloohol mixtures. In 
the following table, the values observed for for sucrose inversion 



Gram-mokciUes of water. 

(a) Invtrsim oj sucrose in vxUer-akohol 

(4) Hyinlytie of methyl acetaU } in aeelme-eeaur 


(calculated as a bimolecular reaction) are compared 
catalytic activity of the acid expressed as 

- a)), 


the ratio 



with the tota 
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Table V. 


Alcohol 
(volume 
per cent.). 

0 

a (HCl). 

[a+20(l-a)]. 

k, X 105. 

ib.XlOs 

[a-H20(l-^a)3. 

0-86 

3-66 

4-27 

M7 

25 

0«83 

4-23 

5' 19 

1-23 

40 

0-80 

4' 80 

6-07 

1-26 

50 

0‘72 

6*32 

6-67 

1-06 

60 

0-65 

7-65 

8-77 

M5 

76 

0-46 

11-45 

16-03 

Ml 


The Eumbers in the fifth column approximate to a constant. 
;^lthough results cannot be calculated in this way for the hydro- 
lysis of methyl acetate in water-acetone mixtures owing to lack 
of data, it is con9idere<l from the results obtained for in these 
solutions that if the value of » (HCl) were available, a similar 


constancy for 




a + x(l -n) 


would be obtained for a value of x in 


the neighbourhood of 20. 

It follows from the above that the activity of the catalyst in 
these mixtures can best be expressed by = + when the 


ratio 


Ic^n 


considered to be about 20, but this value is not 


supported by results obtained by Siiethlage and others for the 
catalytic effect of hydrochloric acid in other reactions. 

The shape of the curves in the diagram suggests that in the 
mixtures investigated the variation of the activity of the acid with 
the water content is approximately expressed by ^7n)^n, 
where m and n are constants and the oV)served rate of hydro- 
lysis in a solution containing w gram-molecule? of water. An 
equation of this type is capable of various interpretations, but 
taken in conjunction with the marked decrease in wnth increase 
in water concentration for low values of the latter, it indicates 
that the water plays a very rnaiketily ant i catalytic role compared 
with the other constituents of the solution, that is, the value of 
the constant m must be very small eoinj)ared with ?/■. This may 

he interpreted (compare Lap worth and Fitzgerald, T., 1908, 93, 

2168) as being due to the conversion of active, free hydrogen ions 
to inactive ions by the solvent, the effect of the water in this 

respect being far greater than that of the acetone. Or it may be 

interpreted as indicating that the reactive substance in ester 
hydrolysis is a complex between the ester and water, which is 
readily dissociated by the excess of water in the solution (Grif- 
fiths and Lewis, loc. dt.). It may also be interpreted as repre- 
senting the dissociating effect of the solvent on a complex between 
the ester and the catalyst, wliich i-. considered to be the reactive 
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substance. Such a complex may either be dissociated by thf\ 
solvent into the original substances or else hydrolysed by the water 
into the final pr^ucts of hydrolysis. For the concentrations 
usually employed in hydrolysis the amount of this complex is very 
small owing to the high dissociating power of the water. As tbe 
latter is replaced by acetone or other liquid the dissociating power 
of the medium is decreased and the concentration of the complex 
is increased, so that the observed rate of hydrolysis is also increased 
In any of the above cases it is possible to assign a small value to 
the term w, which really represents the relatively small power of 
the other constituents of the solution of converting an active sub- 
stance into one which is inactive in catalysis. The following discus- 
sion is independent of the nature of m; it is concerned rather with 
its magnitude. We will assume that it is simply a function of tbe 
concentration of the other variable in the solution, namely, ace- 
tone. If we substitute in the equation k^{w-^m) = n the values of 
and w in table III for solutions containing {a) 52*32 gram-mcle- 
cules of water and no acetone, and (b) 4*752 gram-molecules of 
water and 11 '84 of acetone, we obtain the value m = 0*22 (in terms 
of 1 gram-molecule of acetone in the solution). Substituting this 
value for the other solutions, the following results are obtained, 

Table VI. 


n= 


Acetone. Acetone x 0-22 

to. 

jfc, X 10*. 

X acetone). 

0-0 



52-32 

2-76 

144 

2-665 

0-59 

42-46 

3-03 

130 

0'39 

M9 

32-08 

3-38 

112 

8-10 

1-78 

21-23 

3-86 

89 

9*42 

2-07 

15-72 

4-66 

81 

10-66 

2-35 

10-20 

7-40 

93 

11-84 

2-60 

4-762 

19-56 

144 

The numbers 

in the last column pass 

through 

a minimum value. 


aud vary in a similar manner to the values under k in table III. 
Furthermore, for any small value of in in the equation ^ 2 ( 14 ' + 
m)=n, the values of n will be found to vary as in table VI. The 
similarity between the variations of k in table III and n in 
table VI appears to justify the use of the equation for a unimoV 
cular reaction in mixtures such as those used in this work, in 
which the total concentration of water varies considerably in the 
different solutions. It would appear that any specific effect of the 
solvent on the rate of hydrolysis, other than that due to its disso- 
ciating power, is more directly shown by disregarding the change 
in the concentration of the water in the different solutions. It i> 
considered that the minimum value obtained for k (or n) has a 
definite meaning. It is interpreted as indicating a specific influ- 
ence of these mixtures on the rate of catalysis, similar to that 



VfXiOOITlBa OP COMBINATION OF SODIUM DERIVATIVES, ETC. 1239 

observed in the conductivity of certain electrolytes dieaolved in 
them, or in the fluidity of the mixtures themselves. The solution 
of either alcohol or acetone in water is accompanied by contrac- 
tion, and it is considered that the condensed state of such a 
fixture has a retarding influence on catalysis. 


Summary. 

The rates of hydrolysis of methyl acetate by .V/2- and A/IO- 
hydrochloric acid have been measured in various water-acetone 
mixtures. The velocity constants have been calculated according 
to both unimolwular and bimolecular equations, the reverse reac- 
tious being considered in both cases. 

It has been found that if the total water concentration is taken 
as representing its active mass, then the rate of hydrolysis increases 
as water is decreased in the mixtures throughout the series. The 

results obtained approximate to = + if |ii* j., 

20 (approximately). The variation of with water concentration 
indicates the anticatalytic function of the latter, and if the values 
of are corrected for this effect the numbers so obtained are found 
to vary in a manner similar to those obtained by using the ordinarv 
iinimolecular equation, and pass through a minimum value for a 
certain mixture. This minimum is considered to have a definite 
meaning, representing a retarding influence of such mixtures on 
catalytic reactions. 


Cebsocal Labobatosy, 
University of Sydney. 


[Received, August 23rd, 1919.] 


CXIV.— Velocities of Combination of Sodium 
Denvatives of Phenols with Olefine Oxides. 
Part 11. 

By David Rvnciman Boyd and Miss Doris Feltham Thomas. 

A PREVIOUS communication (Boyd and Marie. T.. 1914, 105. 
-il() contained an account of experiments on the combination of 
ethylene and propylene oxides with the sodium derivatives of a 
variety of phenols. The nature of the reaction investigated is 
indicated by the equation 
OH 

CH 5* 0 Na + jCg U j • < .) H 

CH,‘OH ^ " 1< '.H.-UH. 
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From the results of these experiments, the conclusion was drawn 
that combination probably, in the first instance, takes place 
between the phenoxy-ion and the olefine oxide molecule, thus: 

the initial additive product afterwards reacting with the excess 
of phenol to give a glycol aryl ether and a new phenoxy-ion, 




CH2-OR 

CH,-OH 


+ R-0'. 


A comparison of the values for the velocity constant of the 
reaction with different phenols indicated that the speed of com- 
bination diminished with increase in the acidity of the phenol, 
and the suggestion was made that a certain analogy exists between 
the two reactions 

CfHs'O' 4- If =C,;H^OH 

and + JJ>0 = C.H,-0.CH,-CH,.0', 

In other words, where the tendency for a phenoxy-ioii to 
into imdissociated phenol is great, the speed of combination of 
the phenoxy-ion with the ethylene oxide molecule should he 
relatively high, and vice versa. The data available at the time, 
however‘ with regard to the relative .acidities of different phenols 
were comparatively few. 

An investigation of the extent to which the sodium derivatives 
of alkyl substituted phenols are hydrolysed in aqueous solution 
was afterwards carried out by one of us (T., 1915, 107, 1538), 
and it then became possible to consider in more detail the rela- 
tionship existing between the acidity of a phenol and the speed 
with which its sodium derivative combines with ethylene oxide^ 
A.S a result certain regularities with regard to the behaviour of 
orthc^substituted phenols came to light, and it appeared desm 
able to extend the observations so as to confirm, if possible, tie 
generalisations which had suggested themselves. The present 
paper therefore includes experimental data for the velocity con- 
stants of three additional alkyl substituted phenols, namely, 
o4.xylenol. m-6-xylenol, and mesitol. In all, r«ults fo^.gWeen 
phenols are dealt with. The facte are summarised in the accom- 
panying diagram, where the velocity constants for the ethylene oxide 
Lotion are plotted against the values for the l«f<»"tage of hydr^ 
lysis of the sodium phenoxides m aqueous solution. A re e 
this diagram will show that the velocity constants for pheno 
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Its meta- and para-subatitution products lie approximately along 
a straight line, whilst the constants for the alkyl substituted 
phenols containing one alkyl group in an ortbo-position lie 
approximately on a second straight line which runs nearly parallel 
^ith the first and some distance below it. 

It appears, therefore, that whilst in general the speed of the 
gthylene oxide reaction increases approximately in proportion to 
the degree of hydrolysis of the sodium phenoxide, a retarding 
influence makes itself felt in those cases where an ortho-placed 
alkyl group is present in the phenol molecule. This retarding 
•pfinence, it will be observed, is superimposed on the factor which 
in the main determines the speed of the reaction. It becomes 
apparent only as the result of such an analysis of the phenomena 
as is here suggested. A comparison of the actual magnitude of the 
velocity constant for phenol with that of the constant for any of 
the alkyl ortho-substituted phenols reveals no such retardation. 
Thus thymol, in the molecule of which an ?.«:opropyl radicle is 
present in the ortho-position to the hydroxyl group, has a velocity 
constant one and a half times as great as that of phenol. Mesitol, 
v'ith two ortho -placed methyl groups, has a constant nearly twice 
as great as that of phenol. None the less, the retarding influence 
of the ortho-placed alkyl groups is operating in both instances. The 
case of mesitol is of particular interest in this connexion. Since in 
mesitol two ortho- placed methvl groups occur, the retardation might 
be expected to be naore pronounced than in cases where only one 
piich group is present. A consideration of the diagram shows that 
this anticipation is fullv borne out bv the experimental results. 

On the other hand, the position of the o-chlorophenol constant, 
and more especially of that for 2 :4 :6-trichloropheno1. indicates 
that negative substituents — or at least chlorine atoms— in the 
ortho-position act in an exactly opposite way. the velocity of com- 
bination being accelerated by their presence; and it is noteworthy 
that lust as two ortho- placet! alkyl groups cause a verv pronounced 
retardation of the speed, so two ortho-placed chlorine atoms have 
an accelerating effect much more powerful than that due to a 
?m?le chlorine atom. 

Whilst it is natural to attrib\ite to cterio hindrance the retard- 
ing influence of the ortho- placed alkyl groups, a final decision on 
the question is not yet possible in view- of the quite different effect 
produced by ortho-situated chlorine atoms. Further experimental 
evidence is also required to decide whether the accelerating 
influence of the chlorine atom should be ascribed to its residual 
affinity or to its polar quality. Tu the meantime, it may be 
pointed out that in the case of guaiacol, which contains an ortho- 
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situated group of ill-defined polar cWacter, the velodty constant 
lies some distance above the line for phenols containing ortho' 
groups of well-marked positive type. 

Experimental. 

The velocity constants for o-4-xylenol, m-6-xylenol, and mesitol 
were determined at 70*4® in 98 per cent, alcohol according to the 
method previously described (T., 1914, 105, 2117). It was found 
necessary to employ a mixture of light petroleum with ether (1:1) 
in separating glycol m-6-xylenyl ether from unchanged m-6-xylenol, 
since this phenol is not completely extracted from an ethereal 



Percentage hydrolysis of sodium phenoxides in aqueous solution at 25“. 


solution by repeated shaking with aqueous potassium, hydroxide. 
The same method had to be employed in the case of the mesityl 
ether. 

Summary of Remits. 

Percentage yield of glycol ether. 1 
-I—- — ^ 100-3-. 


0 4-Xylenol. 

2 hours. 
76-3 

1 hour. 
510 

Maximum. 

98>5 

0-3050 


75- 1 

— 

— 

' — 

m-6-Xylenol. 

2 hours. 
74-6 

lb hours. 
68*5 

Maximum. 

98*9 

0*3005 


74'8 

— 

— 


Meeito!. 

2 hours. 
82>3 



Maximum. 

99*0 

0-3745 


81>8 

82'5 
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Glycol o-xylyl Uhej’, CgH^j’O'CH^'OHg’OH, is a colour] e4?s oil 
boiling at 159^/18 mm. ' ^-mtrohenzoate, orystallises from 
alcohol in pale yellow plates melting at 225® : 

0-1518 gave 6-5 c.c. Ng (moist) at 23 ® and 762 mm. N = 4-82. 

^17^-17^5^ requires N = 4*62 per cent 

(jlycol va.-xylyl ether, CgH()'0*CH2*CH2'0H, was obtained as a 
white solid, which, after recrystallisation from light petroleum, 
nielted at 57^: 

0-1621 gave 0‘4289 COo and 0'1252 HoO. 0 = 72*16; H = 8'58. 
^io®-u^2 requires C = 72'23; H = 8*51 per cent. 

Qlycal mesityl ether, C9H2j*0‘CH2’CH2*0II, separates from 
light petroleum in glistening, white crystals which melt at 60® : 

0-1556 gave 0*4196 CO., and 0*1263 H^O. 0 = 73-54; R = 9-02. 
^11^16^2 requires 0 = 73*25; H = 8*97 per cent. 

The UNTVEBamr Collboe 

OF Southampton. [Received, July 23rd, 1919.] 


CXV . — Molecular Refractivity of Cinnamic Acid 
Derivatives. 

By Eric Walker and Thomas Campbell James. 

IttE work of previous investigators has shown that the molecular 
refractivity of organic compounds is affected to a slight extent bv 
constitutive influences within the molecule. In this investigation 
we have determined the amount of variation produced by change 
of constitution in a series of closely allied derivatives of cinnamic 
acid, and the results are tabulated below : 


a Chlorocinnamic acid 

“ Chloroaiiocinnainic acid 

Ethyl o-chlorocirmamate 

Ethyl a-ohloroo^^innamate. . . 

••Bromocinnamic acid 

t-BfOiDoaZZoe innAmi n acid 

Ethyl K-bromocinnamate 

Ethyl afbromoa^^ianamate. . . 

fl-Bromocinnamio acid 

6'firomoai^ooiimamic acid 
Hibromocinnamio acid 

Bibromoaflo oinnami ff acid 

^yl a-chlorocinnainate 

«-chloroafikK;innamatie . . . 


[M],.. 

Difference. 

50-24 

— 

49-00 

1-24 

58-33 

— 

57-61 

0-72 

52-90 

— 

52-34 

0-56 

60-85 

— 

60-54 

0-31 

51-98 

— 

51-53 

0-45 

58-94 


62-13 



60-52 

1-61 



Difference. 

50-96 

— 

49-59 

1-37 

58-98 

— 

58-19 

0-79 

53-52 

— 

53-06 

0-46 

61-51 

— 

61-14 

0-37 

52-61 

— 

52-10 

0-51 

59-64 

— 

62-82 



61 08 

1-74 
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An examination of the above figures confirms Bruhl’s observa 
tion that the more stable isomeride has the higher molecula 
refractivity. and shows also that, in the o-substituted compounds 
the difference decreases with increase of molecular weight. It is 
also seen, from a consideration of the bromo-acids that the a-sub 
stituted acid has a greater refractive power than the ^-substituted 
acid. 

Experimental. 

(a) Refractivity Measurements. 

ifateriols.-The acids and esters used in this investigation were 
all specially prepared, and the greatest care was taken to use on^ 
highly purified specimens for refractivity measurements. Detail, 
of new preparations are given at the end of t e ^per. 

The solvent used for the acids was ethyl alcohol, rendered abso- 
lute by distilling the 99-8 per cent, commercial product over lime 

and afterwards over metallic calcium. „ , • j , 

Apparatus and Method.^^he solutions of the acids were made 
up brdirect weighing to determine their percentage composition. 
In all cases, approximately 5 per cent, solutions were employed. 
The esters were all liquids and were determined directly, 

Densities were determined by means of a Sprengel-Ostwald 
pyknometer of about 5 c.c. capacity The pyknometer was 
Lspended in a thermostat kept at (tQ-OfiO) for about fifteen 
minutes. The following formula was used; 


d\i- = 


WD 

w 


0-001 aor-TF) 
w 


where 4^= density of solution at 25^ referred to water at 4^, 
weight of solution filling pyknometer, 

IJA- weight of water filling pyknometer, 

Z) = density of water at 25^ (0’997073). 

Refractive indices were measured by m^ns of a tom of Puifncli 
refractometer furnished with an ordinary thermosUt. The 
temperature of the liquid in the cell could be maintained 
(±0'05°) for a considerable time. , . „ r- 

The refractive index of each liquid was measured for the C and 

^ lines. X 1 A , 1/ estsrl all 

The zero error of the refractometer amounted to -el , and a 

readings were corrected for this. The temperature conect os 
amounted to about one unit in the fifth pl^^ decimals in 
refractive index, and could therefore be n^leoted. 

The retractive index of the alcohol used as solvent was de 
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Joined several times during the course of the work. The following 
values were obtained : 

7^c = 1-35787, 1-35784, 1-35774. 
nj) = l'35967, 1-35967, 1*35954. 

*■ '];he specific refractivity, r, of the solute was calculated by the 
formula 

|n2-l 1 lOOn _ [nl-l 1 100-pl 

^ L«* + 2‘ d’ p J L^^ + 2'd/ p J 

where « and d are refractive index and density of the solution at 
050 ^ na and da are the corresponding quantities for alcohol at 25^^, 
id p is the percentage composition by weight of solution. 

For the pure esters the formula 

^ « 2 _ 1 1 

’’ 1 J +2 ■ d 

as employed. 

In the tables which follow, p and d have the same significance 
3 above, and denote the indices of refraction for the C and 
I lines respectively, and refer to the specific refractions, and 
and [M]u to the molecular refractions for these lines. In 
he column headed “ solution,'' the number refers to the specimen 
f substance used, whilst the letters denote the various solutions 
lade u]> from the same specimen. 

Table I. 

orBromocin nami c Acid. 

Constants for alcohol: — 0-7851; = 1*35787 ; nQ=:l*35967. 

Solution. p. d. . n,,. r, . fr,. [M]c. [M]r,. 

a 5-041 0-8069 1-36552 1-36742 0-2332 0-2351 52-94 53*37 

la 5-192 0-8070 1-36580 1-36780 0-2332 0*2364 52-94 53-66 

>6 4-677 0-8053 1-36493 1-36691 0-2327 0-2358 52-83 53-53 

Means ... 52-90 53-52 

Table II. 

a-BromodWocinnamic Acid. 

Constants for alcohol as in table I. 

5-330 0-8077 1-36656 1-36757 0-2310 0-2342 52 43 53-16 

4- 824 0-8056 1-36483 1*36681 0-2304 0-2338 52-30 63-07 

5- 248 0-8075 1-36647 1-36747 0-2304 0-2333 52-30 52-96 

Means ... 52*34 53*06 


la 

\h 

ie 
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Table III. 

a.-(!hlorocin)mTnic A ad. 

Constants for alcohol as in table I. 

Solution, p. d. Tie. no. r.-. r^. [M]c. [Ml 

la 5-190 0-8034 1-36686 1-36893 0-2764 0-279S 60-26 51. oi’ 

lb 4-984 0-8026 1-36645 1-36851 0-2761 0-2793 50-20 mi 

Ic 5-136 0-8031 1-36673 1-36879 0-2755 0-2796 50-28 51-0^ 

2a 5-469 0-8042 1-36724 1-36930 0-2751 0-2785 60-21 50-83 

Means ... 50-24 o0-9e 

Table IV. 

a'Chloro&Wocinnamic Acid. 

Constants for alcohol: <:^ = 0'7851 ; nQ=r35774; njj-1-35954. 

la 5-008 0-8021 1-36560 1-36758 0-2685 0-2716 49-00 49-57 

16 5-051 0-8024 1-36570 1-36767 0-2681 0-2711 48-93 4948 

2o 5-206 0-8024 1-36576 1-36776 0-2689 0-27 2 5 49-07 49-75 

Means ... 49-00 49-59 

Table V. 

^-Br&mociiinamic Acid. 

Constants for alcohol as in table IV. 

la 4-877 0-8062 1-36489 1-36681 0-2296 0-2317 52-12 52-60 

2a 4-512 0-8045 1-36426 1-36623 0-2284 0-2318 51-85 52-62 

Means ... 51-98 52 61 

Table VI. 

^-BromoAWocinTmmic Add. 

Constants for alcohol as in table IV, 
lo 5-044 0-8061 1-36454 1-36649 0-2270 0-2295 51-53 52-10 

Table VII. 

Dibromocinmmic A dd. 

Constants for alcohol as in table TV. 
la 5-205 0-8107 1-36412 1-36603 0-1926 0-1949 58-94 59 64 

Table VIII. 

Ethyl a-Chlorodnnamatc. 

d. n... u,. f,. f,. [M]c. [M],. 

M719 1-58292 1-57054 0-2771 0-2802 58-33 68-98 

Table IX. 

Ethyl a-Chloroi\\odnnamate. 

1-1569 1-54697 1-55246 0-2737 0-2784 57 61 58-19 
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Tablje X, 

Ethyl a-Bf'omocinnamate. 

d, «c> n- n. [M],:. tM]„. 

1-3886 1-57685 1*58450 0-2386 0-2412 60-85 61-61 

Table XI. 

Ethyl a-BromodXlocinTiainate, 

1-3713 1-56474 1-56973 0-2374 0-2398 60-64 61-14 

Table XII. 

AUyl a-OliIorocrnnamaie. 

1-1702 1-56718 1-57483 0-2792 0-2823 62-13 62-82 

Table XIII. 

A llyl a-ChlorodWocinnamate. 

M457 1-53563 1-54164 0-2720 0-2745 60-52 61-08 

PreiMration^. 

Kikyl a~chlorocin/iamate, 

K. p. 161—162^/8 mm! D? M72. 

03467 required 1‘621 c.c. iV-AgNOs- Cl~16‘60. 

CiiHj^ 02CI requires Cl = 16*84 per cent, 

FAhyl a-chloroBWocinnamate. 

B. p, 157— 158°/10 mm. Dj" 1*157, 

0-2985 required 1*392 c.c. ^V-AgNO^. Cl-16*54. 

requires 01 = 16*84 per cent. 

Allyl a-chlorocitinamaie, CcH 5 *CH!CCl*COo*CH 2 ‘CHXH, 2 . 

B. p. 162—163^/11 mm. Bf 1*170. 

0'334O required 1*470 c.c. iV-AgNOs. Cl = 15*61. 

Ci2Hji 02C1 requires Cl = 15 93 per cent. 

A Jh/l a-chloro3,\\ocinnamate . 

B. p. 1710/28 mm. 1*146. 

0-2841 required 1*258 c.c. A-AgNOj,. CU15-70. 

Cj.^H^jO.^Cl requires Cl =--15*93 per cent. 

Irom the above, it will be observed that the boiling points and 
'entities of the olio -esters are always below those of the trana- 

Wffi. 

'SK Edwahu Daviek Ceemiqal Labokatobjeb, 

Aberystwyth. [Received, Ariguet I6<A, 1919.) 
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CXVI . — The Determination of Ignition-temperatxtr^ii 
hy the Soajt-huhhle Method » 

By Albert Greville White and Tudor Williams Price. 

The soap-bubble method for the determination of ignition-tem- 
peratures was first described by McDavid (T., 1917, 111 , 1003) 
In the method as finally adopted, the experimental error is 
assumed to be less than +3®, and the results obtained for the 
ignitlon-temj)eratures of the various gases tested are given as: 


Coal gas-air 878* 

Ethylene-air 1000 

Hydrogen-air 747 

Carbon monoxide-air 931 

Petrol (fraction 0— 995 

Benzene-air 1062 

Ether-air 1033 


The method is said to elimmate, so far as is practically possible 
the time factor. The temperature of ignition is taken to be that 
temperature to which the gaseous mixture must be heated by the 
application of a hot body, so as to cause instantaneous ignition. 
McDavid's results are very high in comparison with other recent 
determinations. 

Finding it necessary to determine the ignition-temperatures of 
certain ether-air mixtures, the authors decided to use the appara- 
tus described by SlcDavid on p. 1005 (loc. cit.). 

The igniting coil was mounted between two binding screws 
fixed into a small wooden stand, and was kept at the requisite 
temperature by means of current drawn from a battery of accu 
mulators. A variable resistance of nichrome ribbon formed part 
of the circuit, vihich was completed by means of a sliding contact- 
maker, The current was measured by means of a delicate 
ammeter reading to O’ 01 ampere. The soap solution was prepared 
by dissolving sodium oleate in water with the addition of a little 
glycerol. In all the experiments in which ether was used the 
ether-air mixture was made by weighing the requisite quantity 
of ether into an exhausted aspirator, from which it was displaced 
later by means of mercury, It was found that the presence of 
mercury caused a slight change, in the concentration of the solvent 
above it. The glass pipe from which the bubbles were blown was 
connected to the aspirator by means of a ground-glass joint, 50 
that there was no possibility of change in the concentration of the 
ether duo to absorption of the vapour by the leading tube, which 
was of glas'^, In the other experiments the vapour-air mixture was 
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made by Weighing the requisite amount of liquid into an exhausted 
l5-litre aspirator, and was in this case displaced by means of water. 
The hydrogen-air mixture was made up by volume in the same 


Standarduation of Apparatus. 

The coils were standardised as described by McDavid; the salts 
used were carefully purified and were kept in an exhausted desic- 
cator over phosphoric oxide. Before use the salt was crushed 
and only minute fragments were placed on the coil When these 
precautions were taken the standardisation could almost invari- 
ably be repeated to O’Ol ampere. The number of amperes neces- 
sary to keep the coil at such a temperature, that, when in a steady 
jtate, the salt was just melted, was taken to be the amperage 
necessary to heat the coil to the melting point of that salt. The 
melting points are given in table I, and are the same as given by 
McDavid, except in the case of lead chloride, which he did not 
use. 


Table I. 


Salt, employed. 

Molting point 
used. 

Melting point 
given in 

“ Chemist’s Year 
Book ” for 1916. 

Potassium sulphate 

1072® 

1050® 

Sodium chloride 

800 

820 

Potassium iodide 

087 

70.5 

Lead chloride 

485 

485 

^or comparison the figures 

supplie'l in 

the “ ( 'heinist’s 


Book ’ for 1916 are given. It will he seen that the difference 
between these and the figures used is bv no ine<iiis negligible; the 
figure for lead chloride was taken from this source. Every effort 
was made to wind the coils as uniformly as possible, but in almost 
every case it was found that ])atches rather hotter than the average 
could be found. 

In Fig. 1 are given the standardisations of some of the coils. 
It will be noticed that these curves are not straight linos, as was 
that determined by McDavid in the case of the coil used hv him. 
but have a distinct curvature. 


Standardhaiion of the Method. 

little work appears tu have been done as regards standardising 
tbe soap-bubble method. McDavitl used a soap-bubble 3 7 cm, 
'll diameter, but no figures are given showing the effect of the size 



Amperes* 
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of the bubble, or the place or the method of striking. AJl 
standardisation undertaken in conneidon with this method wsf 
done with coil No. 1, and most of it was carried out with ether-air 
mixtures, although in some cases hydrogen-air mixtures were also 
used, similar results being obtained. Throughout the work an 
attempt was made to keep the room temperature within 2® of igo 
For some time it was found exceedingly difficult to obtain accurate 
and steady ammeter readings, but the erection of a draught 
screen round the apparatus, and the gradual elimination of pooj. 
connexions, remedied these faults. It was also found that owina 
to the comparatively high currents used, the nichrome resistance 


Fig. 1. 


Shewing the standardisation curves connecting the atnmekr reading 
and temperature for various coils. 
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required frequent cleaning, and that the sliding contact -maker 
had to be silvered or fitted with a platinum contact. 

So far as could be judged from the steadiness of the ammeter 
reading, no appreciable change in the temperature of any coil 
took place when it was brought into contact with a soap bubble 
blown with air. When using platinum-wound coils at the tem- 
perature necessary for the experiments, a very slight draught 
caused a distinct rise in the ammeter reading. 

When determining an ignition-temperature the amperage was 
taken at which at least two ignitions were obtained out of three 
attempts, whilst O'Ol ampere f)elow at least three f^uceessive failures 
to ignite were registered. 
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Size of Buhhle and Place of Striking. 

It was found that the size of the bubble used, and the place of 
itriking, affected the results very appreciably, and various experi- 
iients were carried out in order to determine the magnitude of 
its variations due to these factors. The results of some of these 
;est8 are given in table II. 


Table II. 


position of striking 
surface on bubble. 

Struck at top 

Struck at middle ... 

Struck at bottom ... 

Oil plotting the above results graphically, as in Fig, 2, it 
will be seen that the correct result appears to be about O-Orampere 
below the current necessary for the ignition of a 5 cm. bubble, 
similar results were obtained using other concentrations of ether 
vapour in air. It scarcely appears to matter whether the bubble 
is struck at the top or middle, but striking at the bottom invari- 
ably gives a lower result. In practice, bubbles were always struck 
as near the middle as possible, and a 5 cm. bubble was always 
used. This size of bubble gave some little trouble owing to ‘a 
tendency to give delayed ignitions and to burst before use, both 
effects being particularly noticeable with mixtures containing 
much ether. There was also a great tendency for the ether to leak 
through these bubbles. The metho<i of striking was also found to 
have a great influence on the result, but it was found that a slow, 
but not too slow, approach of the coil to the bubble, or, even better! 
01 the bubble to the coil, gave very consistent results. When the 
approach of the bubble was too slow, the ether pouring out throiigli 
the soap film heated the coil so that the ammeter reading did not 
register its correct temperature. * 


Mixture containing 7-5 
per cent, of ether in air. 
Number of amperes 
necessary to ignite. 


2*5 cm. 

3*7 cm. 

5 cm. 

bubble. 

bubble. 

bubble. 

5-29 

505 

6-02 

5' 29 

505 

502 

5-41 

5-08 

503 


Mixture conta ining 12-5 
per cent, of ether in air. 
Number of amperes 
necessary to ignite. 

2’5 cm. 3*7 cm. 5 cm. 
bubble, bubble, bubble. 

5- 31 520 5*18 

5*32 5'20 5*18 

6- 43 


Time between Ignitions. 

It was also found that a fair time had to elapse after one igni- 
ion before another could be attempted with any certainty of 
Warning a trustworthy result. Even if a bubble was not ignited, 
««mg of the coil took place, and a second bubble was very often 
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ignited at what was apparently the same temperature, unless tinj^. 
were given for the coil to cool. At least one minute had to be 
allow^ between each attempted ignition, and often a longer time 
was necessary, the interval varying from coil to coil. It was also 
found that the time necessary for an adjustment of temperature 

Fig. 2. 


Shomng how the current necesaary to ignite a defmite mixture varies 
with the aize of bubble and position of striking. 



Size of bubble in cm. 


due to change in the magnitude of the current flowing, varied 
greatly from coil to coil. 

Vhanfjes in the Coil. 

Even when experiments were carried out precisely as described 
in the above method, it was found that a coil gave different results 
for the same combustible mixture, even on the same day. Careful 
observatiou showed that these variations were generally all in one 
direction, and a connexion was soon tracer! between them and the 
standardisation of the coil used. 

In table lit are given the ignition-temperatures of a 4‘9 per 
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oat. etEer-air mixture determined with coil No. 1 at various times 
fter standardisation. 


Within 
20 minntes. 


968 * 


Table III. 


After 

3 days’ use. 
985° 


After 20 Minutes after 
3 weeks’ use. re-standardising. 
1040* 970“ 


It will be seen at once that the addition of salts to coil No. 1 
owered the ignition-temperature of the ether-air mixture as given 
,y this method by 70°. Some such change might have been anti- 
ipated from the later work of Meunier (Campl. rtnd.. 1909 149 
124 ; 1910, 160 , 781). That this was not due to a change in the 
distance of the coil can be seen from the fact that throughout 
he six months during which this coil was in use no point on the 
tandardisation curve varied throughout a range of more than 
)-02 ampere except on one occasion, when a variation of 0-03 was 
ouad. Precisely similar results were obtained in a test experi- 
iieat on standardisation, eveu without washing off the salts used, 
IS was invariably done in practice. A further investigation was 
.hen undertaken in order to discover how the ignition-temperature 
)f a particular mixture varied with the treatment to which the 
»il was subjected. 

The ammeter readings taken when using the untreated coil were 
^averted into temperatures after the coil had been standardised 
jy the use of salts. This was considered legitimate as every pre- 
aution was taken to ensure that the current-temperature ratio of 
iecoil did not change with use. It was found that the newh'- 
tound coil gave ignition at ammeter readings which increased 
OTtimiously with time up to a steady value. ' The first ivnitira- 
»perah.re determined for a 27 jier cent, hydrogen-air mixture 
Mijcoil No. 2 before treatment, was 760°. In a week's time the 
gnilioii-temperature had increased to 860°. Imt after this time no 
ippieciable change in ammeter reading could be detected 
.«ter standardisation or using salts it was found that a deeideil 
» in the Ignition-temperature had always taken place. This 
Mi invariably followed by an initially rapid fall, which decreased 
*1 a steady state was reached, the rate of decrease of tempera- 
te varying considerably with the nature of the coil, and its 
tevioua treatment. Thus, an untreated wire would take a verv 
longer time to reach a steady state than a reoentlv treated 
ven a well washed wire which had once reached that state. Per 
Ilf. tgnition-temperature of an ether-air mixture as 

VMl?l k ^ plaUnnm coil treated for the first time 

probably take several days to become constant, whereas in 
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the of 3 recontlf treated coil twenty minutes woiild be a®;,;, 

Two hours after coil No. 2 was first treated^ with salts, tie 
ignition-temperature of a 5 per cent, ether-air mixture as regis- 
tered by this coil had fallen from 1068® to 1019°, whilst that of a 
12 per cent, mixture, after its preliminary rise from 986°, had 
fallen to 1006° (see table IV). In both these cases the ignition- 
temperature of a 5 per cent, ether— air mixture appears to have 
fallen much more rapidly than that of a 12 per cent, mixture, as 
would be expected from the curves shown in Fig. 5. 

In order to maintain a coil in the steady state, it was necessary 
to treat with salts occasionally. This caused a temporary rise in 
ignition-temperature, but it was only a matter of minutes before 
the steady state was re-established. The manner in which the 
ignition-temperature changed when no salts were added to a coil 
in the steady state can be seen from table III. 

The temperature at which a steady state was attained after 
treatment was greater than without treatment except in the case 
of coils 1 and 2, which were of platinum. The variation wag com- 
plicated in the case of the nichrome coil No. 3 by the fact that 
after being in the steady state for three days with a fairly con- 
tinuous treatment with salts, a rather rapid fall in ignition-tem- 
perature became evident. When the fall became slower, the two 
points shown by asterisks in Fig. o were obtained, the one value, 
for a 5 per cent, ether-air mixture, being the mean of two read- 
ings O’ 04 ampere apart obtained before and after the determina- 
tion for a 12 per cent, ether-air mixture. 

It will be noticed that in this case the ignition-temperature of a 
5 per cent, ether-air mixture has fallen much more rapidly than 
that of a 12 ’5 per cent, mixture. This experiment was unfor- 
tunately interrupted by the breaking of the silica tube on which 
the coil was wound, making it impossible for the experiment to be 
carried to its logical conclusion j but it is at least possible that a 
flattened curve well below the original one (without salts) would 
have been obtained here as in the case of No. 1. 

The upward change shown in table III could be made. to take 
place even faster if the salts were washed from the coil and the 
coil used without treatment after drying. It was found that after 
eighteen hours’ soaking of the coil in water, the ignition- tempera- 
ture of a 27 per cent, hydrogen-air mixture as indicated by coil 
No. ] fell from 787° to 771° and that of a benzene-air mixture fell 
from 1060° to 1056°. After sixty hours’ soaking the result ob- 
tained for the hydrogen-air mixture was 773° and that for the 
benzene-air mixture 1056°. In all the above case? the ignition 
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^e^jp^fature was determined immediately after the drying of the 
was complete. During the course of three days after this 
reiiminary fall^ ignition-temperatures determined by this coil 
coutinued to rise, and at the end of this time, when the rise had 
Ijecome very slow, the figure found for the hydrogen-air mixture 
793*^ and that for the benzene-air mixture 1075°. Further 
results of a similar kind will be found later. 

The effects of the changes considered above are shown in Fig. 3. 
■[t will be seen that consistent results are only to be expected 
uuder conditions corresponding with the three portions of the curve 
^narked A, B, and C. Except where otherwise stated, results 
detailed later correspond with these steady states. 

Fig. 3. 


Showing diagrammaiicaUy the effect of various changes during the 
treatment of the wire on the ignition-teynperatures registered hy a coil. 



Influence of the Material of the Coil. 

ilcDavid [loc. cii.) states that the ignition-temperature of a 
0 per cent, hydrogen -air mixture as determined by a Eureka 
^irecoil is 9° to 30° lower than that obtained with platinum wire, 
nd the statement is made that The figures found by using 
datimira are higher than those obtained by using Eureka wire. 
Edicating a catalysing effect in the ease of the latter. It is. how- 
iver, probable that both stibstances exert a catalytic influence." 
fte results given above for coils Nos. 1 and 2 make it certain 
lliat the temperatures obtained are influenced very greatly by 
^Drlace action in every case. It was accordingly decided to deter- 
mine the ignition-temperatures of various ether-air mixtures using 
Eoils of different materials. 

cxv. 3 B 
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Coil No. 1 was made by winding platinum wire. 0-038 cm. in 

diameter, round a notched strip of mica. 

CW 2 was a similar coil made with platmum wrre, 0 025 cm. 

3 and 4 were made by winding nichrome wire, 0-05 cm. 

ill fhameter round a narrow silica tube. . j- . 

and .Vd.’s consisted of platinum wire, 0*025 cm. in diameter, 


Yig. 4. 





wound inside a silica tulie and having the platinum leads shielded 

Avf ^'consisted of platinum wire of the same “ 

us^ in coil No. 5 enclosed in ^a uniform hard-glass tube with the 

leads safeguarded as for coil No. o. bv plotting 

Fig. 4 gives the ignition-temperature curves P „{ 

the results for various ether-air mixtures determined by means 
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coils Nos. 1 and 2. It will bo noticod that tbe curv© obtained 
when coil No. 2 bad attained a steady state before being treated 
with salts (or standardised) is close to that obtained when coil 
iJo. 1 had been allowed to attain a steady state after all the salts 
had been removed by prolonged washing and use. Curve C shows 
the ignition-temperatures obtained when coil No. 1 is treated with 
salts until the ignition-temperature obtained is constant. It 
differs from the other two curves inasmuch as the main body is 
very much flatter and that the difference in ignition-temperature 
between a 5 per cent, mixture and a 12 per cent, mixture of ether 
and air is very much less. The ignition-temperature of a 5 per 
cent, ether mixture as obtained from different curves on this 
diagram varies by 100°, whilst the maximum difference in the case 
of a 12 per cent, mixture is little more than 30°. 

Fig. 5 gives the results obtained, using coils 3 and o. With 
both these coils a more or less steady state was attained at a point 
above the ignition-temperature before treatment, and very much 
above in the case of the silica tube, No. 5. In this case, as before, 
the treated coils give flatter curves, and the maximum difference 
between the ignition-temperatures of 12 per cent, mixtures appears 
to be about li5°, whilst the maximum difference obtained for a 
5 per cent, mixture is about 160°. 

An examination of the results given in these two sets of curves 
shows that the ignition -temperature of any particular mixture as 
obtained by this method can vary very greatly. For example, the 
ignition-temperature of a 12 per cent, mixture of ether and air 
can be considered to be anything from 859° to 1035°. The 
explanation, of course, lies in the fact that a catalytic action- 
surface action— must be exerted by the coil, as would naturally be 
cxfiected of any hot body inserted into a combustible gas; but it is 
fairly evident that the greater catalytic action is not exerted by 
the coil giving the lower ignition-temperature, as suggested by 
McDavid, but by that giving the higher. The modus operandi is 
probably as follows: When the coil is brought into the gas the 
combustible portion near it is at once removed by surface com- 
bustion, and this weakens the concentration of combustible gas 
Dear the coil to such an extent that it is only when the itidiation 
from the coil is of sufficient intensity to ignite the gas outside this 
limited sphere that ignition occurs. This reasoning, which appears 
to be quite in keeping with what is known of the combustion of 
gases on surfaces, explains why in McDavid s experiments platinum 
gave a higher result than Eureka wire, and in the experiments 
described above, why, in the normal state, it gave results higher 
t aa either silica or nichromo when unaffected by salts. This 

3 B 2 
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would also explain the reason why a coil had to he 

toe before attaining its maximum activity, as described in the 

standardisation of the apparatus. 


Fig. 6. 



VAmoi Method for obUamng Vomi>araUvc result 

Although under any particular set h wii 

method is capable of giving resu t> ‘ f the ignit'o® 

be seen that, giving as it does, such a range 
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temperature of any one gas-air mixture, it could scarcely be 
capable of giving the true ignition-temperature, particularly as 
surface action is bound to occur even when using the most indif- 
ferent material possible. It thus becomes a question as to whether 
even comparative results could be obtained by this method. It is 
seen from the curves given in Figs. 4 and 5 that those obtained 
flrith different coils occasionally cut one another, indicating that 
even comparative results could scarcely be obtained, assuming the 
experimental methods could be guaranteed accurate. As, how- 
ever, the melting points of the salts used for standardisation pur- 
poses are not known to any great degree of accuracy, and the 
standardisation curves are not straight lines, this evidence can 
scarcely be regarded as final. It was therefore decided to test 
several combustible mixtures, using the coils already made, in 
order to see if comparative results could be obtained by this 
method. Accordingly, the following mixtures were used, in addi- 
tion to those mentioned previously: 

1. A mixture of 27 per cent, of hydrogen in air. 

2. A mixture of 5-7 per cent, of benzene in air 

3. A mixture of 0’23 gram of light petroleum (b. p. 90 — 100®) 
per litre of air. 

4. A mixture of 0*23 gram of light petroleum (b. p. 60 — 80°) 
per litre of air. 

It was found to be impossible to obtain a definite ignition- 
temperature for a mixture of carbon disulphide and air or to 
iffiiite any mi.xture of alcohol and air or to obtain a reasonable 
ize of bubble with mixtures of acetone and air. The results 
ittained are given in table IV. 

In the course of these experiments it was noticed that it was 
‘asier to obtain an accurate result with hydrogen than with any 
of the other gases, and it was also very obvious that coils Nos. 5 
and 6 gave results sooner and more accurately than the others. 
With, any gases examined, when using these coils, it \vas easy 
to redetermine any figure to wdthin O’Ol ampere, whilst with the 
otW coils twdee this variation was often found. Coils Nos. 1 and 
2 scarcely changed at all during six months’ use. but the result 
^as far different in the case of coils w’ound over silica tubing, 
for example, three nichrome coils had to be rejected before a 
:oil was found which w’^ould not change on heating, and this had 
to he kept at an exceedingly high temperature for some time 
Wore it reached this constant state. To test the comparative 
*ccaracy of the method, a second coil of platinum wound inside 
iWd glass tube was made and the ignition-temperature of a 
Mrogen-air mixture before treatment with salts determined. 



1260 


and peioe: the determination op 


.b fl 

f S 

g M OC 5 

15 a 


^ CO < 5 co 

«« 50® 


'fSoC® «2 

i, t) <p^ 


55 00 0)0 


o 10 

t- « 
OQ O 


00 
o © 


1 1 1 


I 1 ! 


■SI 

W »o 


Is 

© fi 33 
© 

W 10 


2 

5 


go 2 gj 

4 sS'^^fc©lO ©‘^ 

cc ’3 ^ ^ © o ® 2 

:" £: S ^ " 

® ^ c* 

=■^•5 


K © 60 d _ 

4 ^ p r^ C*^ ^ ^ '? 

rt© 52S 

.^'^oo'Z 22 22 

-2 . 1 


fl © t» 06 2 m 

bC^ r- oooc 

I- 

w 


iS 

"3 o 


>0 1 -< 
« 
© o 


© © 
© f>^ 
© © 


CO »0 
© (N 

© o 


5 'l I 

ojc q 


1 1 1 


U 5 OHO 
^ M 5 CC 
t* H 


6 < 


SSl 

■^1 

> 15 

(C 



id 

6^ 

6^ 

0?= 



a 


^1 
d tr, 

t/i 

5 | 

0 



lONITIOJT-TEMPERATUEES BY THE SOAP-BUBBLE METHOD. 1261 

Th8 result was quite satisfactory, as on standardisation it was 
found that the ignition-temperature obtained in this case was 
712°, the result obtained using coil No. 6 being 715®. No simi- 
lar tests were carried out with the other coils, as it was consi- 
dered that in all cases except that in which a platinum coil was 
wound inside silica or glass, such a test would probably have been 
useless, as the ratio of the areas of the two constituent surfaces 
of the coil was bound to vary for every coil made. The results 
are interesting, as they show that the ignition-temperatures of 
two gaseous mixtures obtained by this method may not even be 
comparative when determined by two different coils. This was 
carefully tested in the case of the mixtures of the two varieties of 
light petroleum and air by using coil 4 without salts and coil 1 
with salts. When coil No. 4 without salts was kept at 1001® and 
bubbles of the above mixtures were brought into contact with 
it alternately, in every case the mixture containing the light 
petroleum of lower boiling point ignited, whilst in only one trial 
out of five did the other one ignite. A similar experiment with 
coil No. 2 showed that the ignition-temperature of a mixture 
containing the light petroleum of lower boiling point was higher 
than that of the other as measured by this coil. 

A similar result was obtained when dealing with a ,5 per cent, 
mi.xture of ether in air, as in every case except when detennined 
hy coil No. 2 before treatment with salts, the ignition-temperature 
of this mixture was found to be lower than that of the light 
petroleum and benzene mixtures. Tn the case of the coil specified, 
however, the ignition -temperature found for a 5 per cent, mixture 
of ether in air was definitely higher than those of the other 
mixtures mentioned above. 

In table V are given the Jiiaximum and minimum values 
obtained for the ignition-temjjeiatiires of certain of the mixtures 
used. 


W- Washed. 

W.S. Without salts. 
After using salts. 

T.\1J1.E V. 

Maximum 

ignition- 

ternpcralure 

^tinimum 

ignition- 

temperature 


Mixture used. 

observed. 

observed. 

Difference. 

Hydrogen (27 per cent.) in 
air 

8(10° 

Coil 2 W.S. 

715= 

Coil t) W.S. 

145® 

hight petroleum (b.p. OCt- 
100®) 0-23 gram per litre in 
air 

mi 

Coil 1 W. 

1003 

Coil 4 W.S. 

(14 
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Table V. (contimied). 


Mixture used. 

Light petroleum (b.p. 60-80") 
0'23 gram per litre in air 

Maximum 

ignition- 

temperature 

observed. 

lOTS" 

Coil 1 W. 

Minimum 

ignition- 

temperature 

observed- 

Coil 4 W.S. 

Difference. 

76” 

Benzene (5-7 per cent.) in air 

1076 

Coil 1 W. 

1026 

Coil 4 W.S. 

50 

Ether (5 per cent.) in air 

1068 

Coil 2 W.S. 

907 

Coil 5 W.S. 

161 

Ether (12 per cent.) in air 

1035 

Coil 5 S. 

859 

Coil 3 W.S. 

176 


When it is considered that the glass and silica coils were only 
used for the hydrogen and ether mixtures respectively, it will be 
seen that the results have an appreciable regularity as regards 
what is generally considered to be the catalytic order of the various 
substances concerned in the ignition. In this connexion, it must 
not be forgotten that the substance on which a metal coil is wound 
must affect the ignition-temperature obtained. 

A comparison of the ignition-temperatures obtained, using coil 
No. 2 with and without salts, is also interesting. In the case of 
the hydrogen-air mixture and the 5 per cent, ether-air mixture, 
the treated coil gives appreciably lower results than the same coil 
without salts, but the reverse of this is true of all the other mix- 
tures except light petroleum (b, p. 90 — 100'^) and air when the 
ignition-temperatures are practically the same in the two cases. 

On summing up. it will be seen that the only advantages which 
the method possesses appear to be those due to its convenience and 
rapidity in use. It was easy to find the apparent ignition- 
temperature of any mixture within less than an hour, and, using 
coils 5 or 6, it could often be done in half that time. The tenii 
“instantaneous ignition” is obviously used by McDavid to mean 
ignition without perceptible delay, but refined methods of time 
measurement would certainly show that different retardations 
occurred with different gas mixtures. Its disadvantages appear 
to lie in the fact that, so far as can be ascertained from these 
experiments, it cannot give the true ignition-temperature of any 
gas mixture, and that the results given by it can scarcely be utilised 
unreservedly even when only required for comparative purposes. 
Such results ate fairly certain to be higher than the true ignition- 
temperatures, and not, as described by McDavid, lower. The 
accuracy of the method is also adversely affected by the fact that 
the exact melting points of the salts used are still a matter for 
controversy, and that the standardisation curve for any coil appears 
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from these experiments unlikely to be a straight line. The results 
are exceedingly dependent on draughts, as the method of estim- 
ating temperature is an indirect one. If the temperature of the 
coil falls during an experiment, due to any such disturbance in 
outside conditions, the ammeter reading, and hence the tempera- 
ture indicated, becomes higher instead of lower, owing to the 
change in resistance of the platinum or other metal forming the 
heating coil. Any result obtained also seems to depend on the 
state of the surface causing ignition, as used and unused wire give 
different ignition-temperatures for the same gas mixture, and an 
examination under a good lens of wire that has been in use for 
gome time shows it to have altered appreciably in appearance. 
Amongst its other disadvantages is that of limited applicability. 
It can only be applied to moist gases and to those which are more 
or less insoluble in water and can be obtained at a fair concen- 
tration in air at the ordinary temperature. For instance, it was 
found impossible to ignite a mixture of amyl acetate and air, made 
up at 20°, by this method. Another disadvantage lies in the fact 
that the least concentration of combustible gas at which ignition 
can be obtained by the soap-bubble method is much greater than 
that found by ordinary methods, which generally give results below 
2 per cent, for ether-air mixtures. Thus the ignition-temperature 
of any fixed concentration of mi.xture cannot be determined by 
this method, as could also be judged from the obvious permeability 
of the soap film to some of the vapours used. 

The results obtained during this investigation appear to indicate 
that the soap-bubble method of determining ignition -temperatures 
a? described by McDavid gives values for the ignition-temperature 
which appear to be erroneous. A radical modification of the 
methtxi could probably be made, however, ■which would give more 
satisfactory results. For instance, a soap-bubble of the mixture 
under examination might be introduced into a vertical tubular 
furnace, the bubble being shielded from radiation until at the 
desired spot. In this case, the results would be far more likely 
to be correct, as the temperature at which ignition took place 
would be known, and surface action would be partly eliminated. 

mart/. 

The soap-bubble method described by McDavid {hr. rif.) has 
been applied to determine the ignition -temperatures of certain 
fixtures of ether, benzene, liglit petroleum, and hydrogen wdth 
The condition.s under which consistent results can be "obtained 
given. 
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After careful standardisation, the results given by this method 
w^e found to be affected by the physical state of the igniting 
surface and the nature of the material of which it was madej even 
the addition of small quantities of the salts used for standardisa- 
tion purposes altered the results obtained. This seemed to show 
that the method could scarcely give the true ignition-temperature 
of a gas mixture. The ignition-temperature of a particular gag 
mixture as determined by two different coils often varied by more 
than 150^, and results appeared to indicate that the method was 
not strictly trustworthy even for comparative purposes. 

In conclusion, the authors desire to express their thanks to 
Messrs. Nobels Explosives Co., Ltd., for whom the work was 
carried out, and to Mr. Wm. Rintoul, Manager of tlie Research 
Section, for permission to publish the results, and to Mr. A. \V. 
Sanderson for his kind assistance in carrying out some of the 
experimental work. 

The Research Laboratories, 

Aroeer Factory, 

Stevenston. [ Received ^ Sepkmher U(, 1919 .] 


CXVn.— TAc Interaction of Chlorine and Hydrogen. 
The Influence of Jllass, 

By D.avid Leonard Chai’man and John Reginald Harvey 
Whiston, 

After investigating the precautions which must be taken in order 
to obtain trustworthy actinometric measurements of the velocity 
of the photochemical action of chlorine and hydrogen, Chapman 
and Underhill (T., 1913, 103 , 496) examined the influence of the 
concentration of hydrogen on this reaction. The determinations 
were made with mixtures containing small measured quantities of 
oxygen, and in the same series of determinations the concentra- 
tions of chlorine and oxygen in the mixtures were kept constant, 
whilst the concentration of hydrogen was varied. They found 
that ‘‘as the partial pressure of the hydrogen is increased from 
zero, the rate of formation of hydrogen chloride per unit volume 
of the mixture is at first almost proportional to the concentration 
of the hydrogen, but the ratio of ‘partial pressure of hydrogen to 
velocity of interaction rises continuously in value as the proper- 
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tion of hydrogen la increased, and when the pressure of hydrogen 
has attained a definite value the rate of formation of hydroln 
chloride beeomea a maximum, and then, as the proportion of 
hydrogen is still further increased, the rate of interaction of 
chlorine and hydrogen falls very slowly.” 

Chapman and MacMahon (T 

1909, 96, 959) that the sensitiveness of electrolytic gas at atmo-’ 
spheric pressure is approximately inversely proportional to the 
concentration of the oxygen it contains for proportions of oxygen 
varying between 0-08 and 1 per cent, by volume of the electrolytic 
gas. ^ 

These two results were interpreted by a theory advanced by 
Burgess and Chapman (T., 1906, 89, 1433). 

It was our intention to proceed with the investigation of the 
inilucnce of the concentration of the chlorine on the rate of form 
itioii of hydrogen chloride. However, before we were able to 
complete our investigation, Bodenstein and Dux (Zeit^ch 
Ckm., 1913, 85, 297) published the result that\lie relc£ t of 
the second order in the case of a mixture oontaiui.ig equal volumes 
of chlorine and hydrogen and a small fixed proportion of oxygen 
Our results mentioned above on the influence of the concentrations 
of hydrogen and oxygen were in the main confirmed by these 
authors. ^ 

It will be remembered that Wilderuiami ([‘hil Tra,„ 1909 
199, 337) also found that the rate of formation of carbonyi 
chloride when a mixture containing equal volumes of carbon mon- 
oxide and ch orme was exposed to light of constant intensity was 
proportional to the square of the pressure of the interacting gases' 
From Bodenstein and Dux's result and the facts that the rate 
of interaction is inversely proportional to the ooncentratioii of the 
osypii and nearly iiidepeiuleiit of the concentration of the 
iydropn (provided that this concentration is not too small) it 
MO viously be deduced that the rate of formation of hydrten 
Aloride when a fixed volume of -electrolytic gas is expLed to 

rffHCI] ^ i. 7. [Cl, 12 

^ ‘’f ‘he radiation. 

>»<i chEne volumes of hydrogen 

^lewwUfVcd**^! we are unable to confirm 

enstein and Dux on the influence of the coiiceii- 
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tration of the chlorine on the rate of the change. In fact, we 
fihd that, within wide limits of concentration of the interacting 
gases, the rate of formation of hydrogen chloride is given with 


K] ■ 


or, m 


fairly close approximation by the expression 

other words, since / . [CU] is proportional to the radiation absorbed 
per second, the hydrogen chloride formed is nearly directly pro, 
portional to the radiation absorbed and inversely proportional to . 
the concentration of the oxygen. 

The result embodied in the above expression for the rate of 
formation of hydrogen chloride in mixtures of compositions and 
pressures within the limits used in our experiments can be easily 
interpreted by the hypothesis of Chapman, Burgess, Gee, and 
Underhill. Briefly, the hypothesis in question postulates that the 
radiation is absorbed by the chlorine molecules. The absorbed 
energy in the molecules is gradually degraded. In the earlier 
stages, when the energy is still in a highly efficient form, the 
degradation is accomplished very rapidly and completely by the 
agency of oxygen and the other inhibitors. The degradation 
accomplished in this way is so complete that the resulting degraded 
energy is no longer capable of assisting the union of the chlorine 
and hydrogen. The absorbed energy in the chlorine molecub 
which escapes being degraded in the earlier stages by the inhibitors 
is transformed to lower forms of energy, which, although > 
of activating the chlorine, are to a much less degree, and 
not at all, degraded by the inhibitors. In other words, the life 
of an activated molecule is not shortened by the agency of the 
inhibitors. 

Consider unit volume of the mixture of gases exposed to light 
of intensity 7. The rate of accumulation of efficient energy v,’ill 
be ^^^./.[CU], being now and below' taken to represents 


constant. 

The loss of efficient energy is due to two causes, namely, it 
degradation during the impacts of the chlorine molecules with 
oxygen molecules and the conversion of the chlorine molecules into 
the activated form. When, however, the proportion of oxygen to 
electrolytic gas is as high as 1 per cent, (as it was in all the experi- 
ments to be described below), the sensitiveness is almost one 
hundred times less than that of the purest electrolytic gas we 
could prepare, and therefore with such a large proportion of 
oxygen present, the loss of accumulated efficient energy roust be 
almost entirely due to the first of the above-mentioned causes. 

Now the number of impacts per second between chlorine mole- 
cules and oxygen molecules is given by the expressioi^ 



CHLORINE AND HYDROaEN, 


1267 


j04][Cy. Further, if it be assumed that in the mean a 
constant proportion of the efficient energy is degraded during an 
impact of a chlorine molecule with an oxygen molecule, the 
degradation of energy during a single impact will be, in the mean, 
ji^e, € being the mean efficient energy of a chlorine molecule after 
the steady state is reached. 

'file rate of loss of efficient energy will be the product of the 
toss during a single impact and the number of impacts per second, 
ifliich is ^2 . Aig . € . [O2] [Cy. 

Equating this to the rate of accumulation of efficient energy, 
obtain [ 0 J [CU] == . [CI2], and therefore 

, ^ h i 
KK 1^2] 

if we make the probable assumption that the rate of 
torination of active chlorine molecules is proportional to the pro- 
duct of the concentration of the chlorine and mean efficient energy 
of a single molecule,* the number of active molecules formed per 
second should be 

7 .[C 1,1 

K -h [ 0 ,] ’ 

hut when the pressure of the hydrogen exceeds 15 cm., and possibly 
.tmuch lower pressures, almost all the active molecules of chlorine 
■ombine with hydrogen (Chapman and Underhill, loc, cit.), and 
tb rate of formation of hydrogen chloride becomes equal to the 
active molecules of chlorine produced per second and almost in- 
dependent of the pressure of the hydrogen. 

Therefore the number of molecules of hydrogen chloride formed 
per second is also given by the expression 

7. [Cl,] 

k,:\- [o,]-' 

That is, the hydrogen chloride produced is proportional to the 
idiation absorbed and inversely proportional to the concentration 
f the oxygen. 

If. as we have reason to believe is the case, hydrogen is a weak 
nhibitor (Chapman and Underhill, loc, cit,), the expression for 
he rate of formation of hydrogen chloride molecules would 
]ecorae 

^‘2 • + 

* This assumption is equivalent to the assumption that the tendency of 
of efficient energy to change its form is independent of the 
^centration of the chlorine. 
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in which is a constant of small magnitude. Since in our 
experiments, however, the pressures of the hydrogen and the 
oxygen have been varied in the same ratio, our results are in equal 
agreement with both formulse, and fail to distinguish between 
them. 


E X P TiK I MEN T A L. 


E. c pe n merit s with the Moist Gases , — The apparatus used was a 
form of Bunsen and Roscoe’s actinometer, in which the pressure 
of the contained gas could be varied, very similar to that used by 
Chapman and Underhill. The precautions taken in making the 
measurements and to ensure purity of materials were the same as 
those observed by Chapman and Underhill. 

The mixture of gas experimented with was electrolytic gas 
which contained about 1*3 per cent, of oxygen by volume. Tbe 
sensitiveness of the mixture at a pressure of one atmosphere and 
half an atmosphere was measured, and the results are tabulated 
below. 


Number of 
experiment. 

1. 

o 

Z. 


Senaitiveneas 
at one 
atmosphere. 
1000 
1000 
1000 


Sensitiveness 
at half an 
atmosphere. 
1029 
973 
1060 


Accordingly, with the moist gases the total hydrogen chloride 
formed in unit time is almost independent of the pressure, 
whereas if Bodenstein and Dux’s result were correct, the rate of 
formation of hydrogen chloride ought to be proportional to the 
pressure. 

E.iperiments with the Dry Gases . — For these experiments, the 
apparatus was modified in one or two respects. The mixture of 
gases before use was confined in a gas-holder over sulphuric acid. 
The sulphuric acid which the holder contained was saturated with 
chlorine and boiled several times, and the gas-holder was so con- 
structed that the sulphuric acid did not come into contact with 
the air of the laboratory. The actinometer was the same as that 
used in the experiments with the moist gases, with the exception 
that the index contained suljdiuric acid and the insolation vessel 
was horizontal and contained anhydrous copper sulphate spread 
uniformly over the bottom of the tube to serve as an absorbent 
of the hydrogen chloride. The copper sulphate was carefully 
dehydrated in the insolation vessel and heated in a current of 
chlorine at about 300° for an hour. The internal diameter of 
the insolation vessel was 2'6 cm. The results are tabulated below 
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Number of 
experiment. 
1 . 

2 . 

3. 

4 . 

5. 


Sensitiveness 
at one 
atmosphere. 
1000 

1000 

1000 

1000 

1000 


Sensitiveness 
at half an 
atmosphere. 
963 
936 

944 


Sensitiveness at a 
quarter of an 
atmosphere. 
755* 

776* 

758* 

752* 


. At this low pressure it is possible that many of the activated chlorine 
molecules lose their activity before making fruitful impacts with thehydroiren 
molecules (compare Chapman and Underhill, Zoc. cii.). 


Bodenstein and Dux admit that inhibitors were gradually pro- 
duced in the insolation vessel during an experiment, and these 
inhibitors would tend to increase the apparent order of the reac- 
tion. They claim to have eliminated the effect of these inhibitors 
by the method of conducting their experiments, but it seems to 
us most likely that the discrepancy between their results and ours 
is due to this cause. 


We take this opportunity of gratefully acknowledging a 
generous grant awarded to one of us by the Board of Scientific 
and Industrial Research. 

Thk Sm Leolinb Jekkiks Laboratories, 

Jbsu3 College, 

Oxford. [He^eived, October 13th, 1919.] 


CX\ III. /i. uio-co?7ip/cj^€s m Soluttous oj OHpvic 
Chloi'ide and Cupric Bromide. 

By Steuart Byron Watkins and Henry George Denham. 

Is a paper by Donnan and Bassett (T.. 1902, 81, 939), the view 
is e.Kpressed that the changes in colour brought about in solutions 
of copper and cobalt salts by changes in concentration and tempera- 
ture, as well as by the addition of certain other haloid salts, are 
to be attributed to the formation of complex anions as exemplified 
111 the following equations : 


Cu‘'-|-2Cr + .r0uCI^ 
2K* + 20r-t-xCoGl, 


Cu* 


2K* 


( 

1 C-’uCL) J 

r ci,i’ 



1270 WATKINS AND DENHAM: AHTO-OOMPLEXES IN 


the colour of the anions so formed differing essentially from the 
colour of the cupric and cohalt ions. Quantitative support to this 
theory j was first afforded by Kohlschiitter's migration experiments 
{Ber., 1904, 37 , 1193), whilst the investigations of one of the 
authors {ZeiUch. pkysikal. Ohem., 1909, 65 , 64) have shown that 
in concentrated aqueoue and alcoholic solutions of copper and 
cobalt haloid salts, the cations have a migration number which is 
distinctly negative. The present paper is an extension of the 
investigation, and deals with the effect of temperature and con- 
centration on the migration number of the cupric ion. 

The experimental method adopted was practically the same as 
in the former paper, and the results obtained are of the same order 
of accuracy. Experiments were nearly always carried out in 
duplicate, and the middle layer was repeatedly analysed. 

Below are the experimental results : 

Table I. 


Copper Chhirxh hi Atioeoin Hnlviion. Tempemtifre, 35°. 


Before electrolysis ; 

Expt. 1. 

2. 

3. 

4. 

Water, grams 

13-6121 

9-1827 

7-931 

2*1160 

Copper, grams 

Concentration in gram-mols 

0-3455 

0-4368 

1*0695 

0-5273 

per litre 

0-25 

0-75 

2-1 

4-0 

After elect roUjsis : 

Cathode liquid, grams 

Copper found in cathode 

30-0216 

35' 48 / 4 

41*2016 

46-1836 

liquid, grams 

0-S176 

1-4775 

4-2870 

7-5180 

Voltameter Ag 

0-2272 

0-2718 

0-27.50 

0-1994 

Equivalent Cu " 

0-0669 

0-0808 

0-0810 

0-0587 

Copper on cathode 

0-0735 

0-0832 

0-0252 

nil. 

Cuprous copper in solution ... 

0-0604 

0-0784 

0-1368 

0-1173 

Cuprous chloride in solution 

0-0941 

0-1221 

0-2126 

0-1828 

Cupric copper in solution ... 
Cupric chloride in solution ... 

0-8112 

1-3991 

4*1702 

7-4016 

1-7170 

2*9605 

8-8256 

15-6942 

Total salt 

1-8111 

3*0826 

9-o:i82 

15-8770 

Water 

34-2105 

32*4048 

32-1634 

30-3066 

Migration number 0-34 

Temperature, 

0-24 

45°. 

-0-06 

-0-57 

Before electrolysis : 

Expt. 1. 

0 

3. 

4. 

Water, grams 

13-6131 

9*1827 

6-8070 

8-1700 

Copper, grams 

Concentration in gram-mols. 

0- 345.5 

0*4368 

0*91 80 

l-6(i00 

per litre 

0-25 

0*75 

2-1 

3-2 

After electrolysis : 

Cathode liquid^ grams 

Copper found in cathode 

32-0180 

41*1732 

43-9082 

48-4132 

liquid, grams 

0-6848 

1-7113 

4-5420 

6-8680 

Voltameter Ag 

Equivalent Cu” 

0-3659 

0-3048 

0*2611 

0-3105 

0‘i052 

0-0898 

0-0770 

0-0915 
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Table I. {continued), 

Co'p'per Ghlofide ifi Aqueous Solution. Temperature^ 45 *^. 


Jfier electrolysis : 

Copper on cathode 

Cuprous copper in solution . . . 
Cuprous chloride in solution 

Cupric copper in solution 

Cupric chloride in solution ... 

Total salt 

Water 

Migration number 


Expt. 1. 

2. 

0‘1161 

0-0978 

0-0942 

0-0820 

0-1467 

0-1277 

0-5906 

1-6293 

1-2500 

3-4460 

1-3967 

3-5737 

30-6213 

37-5995 

0-22 

0-135 


3. 

4. 

0-0322 

nil. 

0-1217 

0-1829 

0-1896 

0-2849 

4-4203 

6-6851 

9-3520 

14-1500 

9-5416 

14-4349 

34-3666 

33-9783 

-0-01 

-0-40 


Table II. 


Copper Bromide in Aqueous Solution. Temperature^ 35 ^^. 


Bi'fore electrolysis : 

Expt. 1. 

2. 

3. 

4. 

Water, grams 

21-976 

6-8659 

2-2323 

1-2527 

Copper, grams 

0-5030 

0-3302 

0-2246 

0-2847 

Concentration in grara-mols. 

• per litre 

0-36 

0-76 

1-6 

3-6 

Apcr electrolysis : 

Cathode liquid, grams 

42-5353 

41-5343 

48-6760 

57-9704 

Copper found in cathode 
liquid, grams 

0-8739 

1-6396 

3-6298 

7-3307 

Voltameter Ag 

0-0893 

0-1891 

0-1857 

0-2000 

Equivalent Cii“ 

0-0272 

0-0558 

0-0547 

0-0589 

Copper on cathode 

0-0394 

0-0908 

0-0005 

nil. 

Cuprous copper in solution . . . 

0-0194 

0-0207 

0-1089 

0-1177 

Cuprous bromide in solution 

0-0368 

0-0467 

0-2461 

0-2660 

Cupric copper in solution 

0-8590 

1-6180 

3-5209 

7-2130 

Cupric bromide in solution ... 

3-0200 

5-6901 

12-3752 

25-3580 

Total salt 

3-0568 

0-7368 

12-6214 

25-6249 

Water 

39-4785 

35-7975 

36-0546 

32-3455 

Migration number 

0-32 

0-16 

0-05 

-0-35 

Temperature, 45®. 

B'/orc electrolysis : Expt. 1. 

2, 

3. 

Water, grams 

10-7: 

'32 

2-2323 

1-2527 

Copper, grams 

0-2518 

0-2246 

0-2847 

Concentration in gram-mols. 
litre 

per 

0-35 

1-6 

3-6 


Ajkr (hctrohjsis : 

Cathode liquid, grams 

Copper found in cathode liquid, 

grams 

Voltameter Ag 

Equivalent Cu‘‘ 

Copper on cathode 

Ciiprous copper in solution 

Cuprous bromide in solution 

Cupric copper in solution 

Cupric bromide in solution 

Total salt 

Water 

Migration number 


40-8411 

49-4290 

52-5873 

0-7959 

3-6765 

6-6333 

0-2205 

0-1673 

0-1937 

0-0651 

0-0489 

0-0570 

0-1068 

nil 

nil 

00233 

0-0977 

0-1140 

0-0526 

0-2206 

0-2576 

0-7726 

3-5788 

6-5193 

2-7169 

12-5821 

22-9200 

2-7695 

12-8027 

23-1776 

38-0716 

36-6263 

29-4061 

0-19 

-0-18 

-U-88 
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Table III. 


Copper Bromide in Ethyl . 

iJcohol. Temperature^ 35°. 

Before electrolysis : 

Expt. 1. 

2. 

3. 

Alcohol, grams 

10-3713 

9-0477 

5-8932 

Copper, grams 

Concentration in gram-mols. per 

0-1441 

0-2517 

0-5059 

litre 

0-21 

0-43 

1-3 

A fter electrolysis ; 

Cathode liquid, grains 

Copper found in cathode liquid. 

13-3029 

13-7986 

16-7181 

grams 

0-1464 

0-3244 

1-0655 

Voltameter Ag 

0-1124 

0-0985 

0-1065 

Equivalent Cu'- 

0-0332 

0-0300 

0-0314 

Copper on cathode 

00151 

0-0114 

0-0176 

Cuprous copper in solution 

00512 

0-0466 

0-0452 

Cuprous bromide in solution 

0-1156 

0-1052 

0-1021 

Cupric copper in solution 

0-0952 

0-2788 

1-0203 

Cupric bromide in solution 

0-3345 

0-9767 

3-5871 

Total salt 

0-4501 

1-0819 

3-6892 

Alcohol 

12-8528 

12-7167 

13-0289 

Migration number 

TemperaUtre^ 45°. 

~0-60 

-1-1 

Before electrolysis ; 

Expt. 1. 

2. 

3. 

Alcohol, grams 

10-3713 

9-0477 

5-2739 

Copper, grams 

Concentration in gram-mols. per 

0-1441 

0-2517 

0-3822 

litre 

0-21 

0-43 

1-17 

After electrolysis : 

Cathode liquid, grams 

Copper found in cathode liquid, 

13-5570 

14-0426 

15-8708 

grams 

0-U95 

0-3282 

0-8582 

Voltameter Ag 

0-1033 

0-0822 

0-1229 

Equivalent Cu" 

0-0305 

0 0243 

0-0362 

Copper on cathode 

0-0098 

0-0103 

0-0270 

Cuprous copper in solution 

00510 

00382 

0-0454 

C^lprous bromide in solution 

0-1152 

0-0862 

0-1025 

Cupric copper in solution 

0-0985 

0-2900 

0-8128 

Cupric bromide solution 

0-3463 

1 0038 

2-8576 

Total salt 

0-4615 

1-0900 

2-9601 

Alcohol 

13-0955 

12-9526 

12-9107 

Migration number 

DtSVtlSSflHi 

O' 77 

0-90 

-1-35 

The boundary migration experiments 

described 

by Steele 

(/jeitsch. physikal. Vhem., ISO!' 

40 , 689) and by 

Don nan and 


Bassett (he. cit.), supported by the quantitative migration experi- 


ments of Kohlscbutter (he. c'lf.) and of Denham (/oc. cit.), have 
afforded considerable support to the theory of complex-formation in 
concentrated solutions of copper and cobalt salts. In Denhams 
experiments it was found that at 25° the migration number of 
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copper in a 5*29 solution of (x>pper bromide reached the strikingly 
low value -0*39. This was interpreted by assuming that in such 
solutions complex anions of the type [CuBr 4 ]^^, [CugBrJ^^, etc., 
carried copper out of the cathode compartment. Thus, assuming 
that the equilibrium 

Cu" + CuBr 2 + 2Br^ ^ Cu’* + [CuBrJ^*^ 
lies almost wholly to the right, the migration number would be 
approximately zero, whilst if appreciable [Cu 2 BrJ'' ions were 
present, as demanded by the equilibrium 

Cu** + 2CuBr2-r2Br/ := Cu" + [Cu2Bre]^ 

values less than zero would result. 

The parallelism between the migration number and the colour 
(jf the solution is shown in table IV. 


Table IV. 

Copper Bromide in Water. Temperature, 25^. 


Concen- 

tration, 

W u- 

Colour. 

0‘106 

0-445 

bluish -green. 

0‘414 

0-440 

green. 

1'690 

0-069 

brow-nish -green. 

2-218 

0-052 

3-187 

-0-086 

brown. 

4-055 

-0159 

deep brow n. 

5-288 

-0-392 


On the other hand, many have sought an explanation of this 
colour'change in the hydration either of the dissolved salt or of 
the copper cation (notably Biltz, Zeitsch. phf/.dktd. Chem., 1902, 
40 , 185; Jones and his pupils, Car/ieffie PuhL, No. 60; for com- 
plete bibliography, see Zeitsch. phyidkal. Chem., 1909, 65 , 641). 
The solution round the cathode may thus become weaker, not only 
hr the wandering away of complex anions containing copper, but 
by solvent molecules being transported into the cathodic compart- 
ment attached to the cation. 

That .«uch a transport of solvent molecules attached to ions may 
occur has been proved by Washburn {Tvrh. Qtunt., 1908, 21 . 
Xo. 2), although in the cases studied the elTect of hydration on 
migration ratios is not a marked one. Moreover, in their critical 
review of migration numbers, Noyes and Falk (,/. Amrr. Cbem. 
^oi\. 1911, 33 , 1436) have shown that the true migration number 
is connected w'ith the apparent or hydrated migration number by 
the equation 


T^r-T, AV,.V;V,. 
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where AiV’^ is the number of molecules of water transported to the 
cathode per faraday; iV= number of equivalents of salt in solution 
associated with iV[, molecules of solvent; 7 = ordinary migration 
number (referred to solvent, which is assumed stationary)- 
7’^'’=true migration number referred to a non-migrating 
substance. 

If one accepts the hydration value obtained by Jones {Carntqit 
FuhL, No. 60, p. 85), this correction in concentrated solutions is 
of the order of 5 — 10 per cent., and therefore negligible in the 
light of the marked negative values obtained. 

The effect of such a "hydration” effect will naturally be the 
more noticeable in concentrated solutions, but Bein’s results 
{ZeiUch. phynl'd. Chem., 1898, 27, 50) for calcium chloride— a 
salt which, according to Abegg and Bodlanders complex theory 
[ZeiUch, anorg. Chem., 1899, 20, 453), should not form complex 
anions, and, according to Jones [loc. cit.), has a strongly hydrated 
cation - -show how small this probable hydration effect is. 

Chlorine, Tempera- 


per cent. ture. ni j. 

0-030 22 “ 0-447 

0-42 24 0-405 

0-99 21 0-390 


Bonn an and Bassett’s theory ])o?tulate3 that the formation ol 
the complex anion in solutions of co[U)er and cobalt salts is attended 
by the absorption of heat, that is, it is favoured by a rise of 
temperature. Thus a solution of cobalt chloride in alcohol, which 
is blue at the ordinary tem])erature, becomes pinkish -red on cool- 
ing to -79'^. If this is the case, an increase in temperature should 
bring about a decrease in the migration number due to the 
equilibrium 

2Bf' + iCuBr, -- ' 

being driven to the right. 

On the other hand, the effect of increasing temperature on a 
hydrated ion will be in all probability to cause a dissociation into 
a less hydrated or even an anhydrous ion (I.ewis, Zieitsch, gkyxihil. 
Chem.^ 1905, 52, 222; 1906, 56, 223; Biltz, loc, cit,; Jones, lor. 
nt.). Jones and West have measured the tem]>erature-coefficieiits 
)f a large number of salts of varying degree of hydration, and they 
jiave concluded that; 

\ (1) The temperature coefficients of aqueous solutions of electro- 
lytes are greater the greater the hydrating power of the electrolyte. 
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(2) This large increase in conductivit}" with rise of temperature, 
in the case of salts forming hydrated ions, is due, in part, to the 
decreasing complexity of the hydrates formed around the ions. 

Consequently, the equilibria 

Cu(H 20),," — Cu(H20):i, + yH20 U- + H 2 O. 
will be driven to the right, and abnormally low migration numbers 
'must consequently tend to approach the normal value (O’ 4 approx.) 
with rise of temperature should the abnormality arise from a 
hydration effect. 



Ill the diagram, the experimental results for copper bromide in 
alcohol are plotted as a tvjhcal example of the definite influence 
of temperature on the results. 

These curves and the tables bring out dearly the rapid decrease 
in the migration number as the temjierature of the solution rises 
ill precise agreement with the demands of the complex theory, in 
direct contradiction to the demands of Jones' hydration theory. 

Moreover, the following results of Bein for salt solutions, wherein 
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complex formation is scarcely to be expected, bear out the conten- 
tion that the temperature has very slight influence on the cathodic 
migration number, even where the evidence of Jones and others 
indicates that such ions are more or less hydrated. 


Calcium Chloride. 

Chlorine, 

Tempera- 

per cent. 

ture. Wca- 

0-42 

24* 0-405 

0-42 

97 0-426 

0-77 

20 0-395 

0-85 

94 0-451 

Lithium Chloride. 

Chlorine, 

Tempera- 

per cent. 

ture. «Li- 

0-036 

20* 0-371 

0-036 

97 0-389 

0-20 

25 0-324 

0-20 

97 0-381 


The most convincing evidence of the presence of auto-complexes 
in the solutions under discussion is, however, afforded by a con- 
sideration of the cathodic copper deposit. In a solution of a 
copper salt, the mechanism of the electrode process may be repre- 
sented by any one of the three equations: 


Cu‘* ^ Cu'-H© ( 1 ) 

Cu* ^ Cu +0 ( 2 ) 

Cii*' Cu +20 (3) 

or, assuming hydration : 

Cu(H 30 ^*** (ii(lfgO);+U~(/)H.p + 0 . . . (irt) 

Cu(HJo)/ — > Cu + yH^O + O ( 2 (t) 

Cu{H,0)x“ Cu + xH.,0 + 20 (3a) 


(see Foerster and Seidel, Zeftsch, anory. Chcin., 1897, 14 , 106;. 
Foerster and Coffetti, Zeitsch. Elektrochem., 1904, 10 , 736; Bose, 
ibid., 1898, 5 , 163; Heiberg, ibid., 1903, 9 , 137; Abel, ibid.. 1903, 
9 , 268; Bodlander and Storbeck, ZeiUch. anorg. Chcm., 1897, 14 , 
106; Luther, Zeitsch. phy^ikd. Chem., 1900, * 34 , 488; 1901, 36 , 
385; Wohlwill, Borchers “ Elektrometallurgie,” 3rd Ed., p. 198). 
Should equation (3) or (S/i) represent the cathode process, the 

ratio '"eight of copper clopositec! whilst any of the other 

weight of silver in voltameter 

equations would lead to the value 0‘590. Table V shows how 
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much the experimental values differ from these. In this table, the 
last column gives the ratio of coppe^^leposite,! 


weight of silver in voltameter* 


Table V. 


Salt. 

CuBra 


CiiCli 


CuBr, 



Tempera* 

Concen- 


Cn 

Solvent. 

ture. 

tration. 

tk : n . 

Ag. 

water 

35 " 

0-30 

0*32 

0*44 


35 

0'70 

0*10 

0*48 


35 

1-60 

005 

0*002 


35 

3-60 

- 0-35 

0*000 


45 

0-30 

0 - l <) 

0*44 


45 

1 -fiO 

~ 0'18 

0*00 


45 

3-60 

- 0-83 

0*000 


35 

0-25 

0*34 

0*324 

„ 

35 

n -75 

0*24 

0*308 

,, 

35 

200 

0*181 

0*090 


35 

400 

— 0*57 

0-000 


45 

0-25 

0*225 

0*317 

,, 

45 

0*75 

0*135 

0*177 

,, 

45 

— 

0*01 

0*123 


45 

— 

- 0*4 

0*000 

alcohol 

3.5 

0*21 

- 0*51 

0 * 1.34 


35 

0-43 

- 0*00 

0-115 


35 

1-30 

-M 

0-105 


45 

0*21 

- 0*77 

0-095 

,, 

45 

0*43 

-- 0*90 

0 - 12,5 

„ 

45 

M 7 

- 1*35 

0-219 


These figures show that in dilute aqueous solutions much of the 
•urrent is carried by the discharge of cupric to cuprous ions, and, 
ndeed, actual observation showed that the deposits consisted of a 
heterogeneous mixture of copper and cuprous haloid salt. In such 
solutions, the electrode processes included in the equations (1) and 
fo), or, assuming hydration, (la) and (3a), prevail, the cuprous 
ion being immediately precipitated as the insoluble chloride or 
bromide, The extent to which either process occurs has been shown 
by Seidel and others (loc. rit.) to depend on the variables, tempera- 
ture, concentration, current density, and concentration of acid, 
and will in no way be influenced by the presence of hydrated ions 
m solution, whether those solutions are concentrated or dilute. In 

many of the more concentrated solutions, however, the ratio — ~ 

Ag 


shows no quantitative agreement with Faraday’s laws, whether the 
reduction to cuprous ion or to copper itself occurs, or both. In 

^ number of experiments, the ratio fo zero, that is, no 

Ag 
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copper or cuprous salt whatsoever is deposited on the cathode. 
This abnormality, incapable of explanation as it is by the hydra- 
tion theory, may be satisfactorily explained by the theory of auto- 
complexes. In concentrated solutions, such equilibria as 

Cu" + xCuBr 2 + 2Br' Cu" + 

are postulated, the undissociated salt, of relatively weak electro- 
affinity, being forced into a complex anion. As the cuprous ion, 
however, possesses a more noble potential than does the cupric ion, 
that is, have a weaker electroaffinity, the cuprous salts, according 
to Abegg and Bodlander’s complex theory (loc. cit.)^ will be more 
readily forced into a complex than the corresponding cupric salts 
(Donnan, Abegg’s '‘Handbuch/- Kupfer, p. 517). In concentrated 
solutions, seeing that no metallic copper or copper salt is precipi- 
tated on the cathode, the current must be wholly carried in the 
following way: 

Cu“ — > Cu’ + 0 

(possibly Cu(H.>0)’’ — > Cu(H20)‘^ (.r-^)H20 + 0) ; the cuprous 
salt, however, instead of being thrown out of solution, as happens 
in the more dilute solution, and as demanded by the hydration 
theory, forms a soluble cupri-cu pro-salt with the cupric salt already 
in solution. It is precisely in those solutions where the absence of 
deposit on the cathode occurs, that the migration number is so 
strongly negative. The soluble nature of this eupri-cupro-salt, 
coupled with the markedly negative migration number, points very 
strongly te the assumption that such a reaction as the following 
occurs : 

Cu" + 2Br' + iCuBr = Cu" + . 

In further confirmation of the views here put forward, a migra- 
tion experiment was carried out in a U tube, first with 4A -cupric 
chloride, and secondly with 4A"-cupric chloride which had been 
warmed with cuprous chloride, these lower layers being covered by 
A/lO-cupric chloride. In both cases, the brown boundary moved 
towards the anode. 

Summary. 

(1) The effect of temperature and concentration on the migration 
number of solutions (aqueous and alcoholic) of copper bromide and 
chloride has been investigated. 

(2) The effedt of increasing temperature and concentration is to 
cause a marked drop in the migration number of the copper ion. 
which in concentrated solutions approaches -1 in value. 
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(3) The formation in concentrated solutions of soluble cupri- 
•upro-haloid salts at the electrode of the migration vessel has been 
jroved. 

Pepabtment of Chemistry, 

tJNlVEESITT OF QUEENSLAND, 

Brisbane, [lieceived, October 11 /A, 1919.] 


CXIX , — Colloidal Electrolytes: Soap Solutions as a 
Type. 

By James William McBain, Mary Evelyn Laing, and 
Alan Francis Titley. 

Based on the extensive data obtained from the study of soap 
solutions in this laboratory since 1908, McBain and Salmon have 
defined a new class of compounds, colloidal electrolytes, to which 
a very large number of substances of great industrial importance 
may be expected to belong. This comprehensive group is defined 
as comprising salts in which one ion has been replaced by an ionic 
micelle of high valency, mobility, conductivity, and degree of 
colvation. Regarded from another point of view, this means 
that any colloid which carries electrical charges will in some 
measure approach the behaviour of a typical colloidal electrolyte. 
Lisiht is also shed on the properties of colloidal solutions which 
contain acids, bases, or salts, or to which these have been added. 
The consistent application of this point of view leads to an ionic 
inioelle theory of all charged colloids ; the current assumption that 
tile other charge is carried by the solvent is replaced by the hypo- 
thesis that free ions of charge equal and opposite to that of the 
charged colloid are present in the sol or gel. 

Soap was chosen as the subject for investigation, not only 
because of its industrial importance, but because of its known and 
definite chemical simplicity and constitution as compared with dyes 
or protein derivatives, etc. Furthermore, chemical literature con- 
tained apparently irreconcilable data obtained by a number of 
well-known authorities, such as KraITt, Sm its, and Kahlenberg. 
The?? either assumed that soap wns an ordinary neutral colloid, or 
else, on the contrary, an electrolyte which had suffered extreme 
hydrolysis with the formation of colloidal residue suspended in a 
stiongly alkaline solution, Each investigator, moreover, con- 
sidered that the whole problem was solved. 

hW it is demonstrated through the measurements of con- 
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ductivity, osmotic activity, and alkalinity of soap solutions com- 
municated from this laboratory that in concentrated solution the 
soaps are typical colloidal electrolytes. On dilution, they gradu- 
ally break down into simple salts. In extreme dilution, acid soaps 
separate out through hydrolysis. Both catalytic and electro- 
motive force measurements have shown that, except in extreme 
dilution, hydrolysis is a very minor consideration, the hydroxyl ion 
being present to the extent of only about iT/lOOO. 

The argument for the existence of the ionic micelle was as 
follows; In all concentrations the conductivity is high and the 
osmotic activity, which was measured by the unexceptionable 
method of dew-point lowering, is only moderate. Hence, in con- 
centrated soap solutions, even if all the osmotic activity is ear- 
marked for the potassium, sodium, or ammonium ion, nearly or 
quite half of the conductivity remains to be accounted for. This 
conductivity must evidently be ascribed to some constituent that 
does not exert appreciable osmotic pressure and that therefore 
must be colloidal. One of us (J.W.M.. Trnvfi. iVoc., 1913, 

9 , 99; Kolloid 1913. 12 , 256) has shown how this is 

possible and probable by applving the principle of Stokes's law to 
the hypothesis of a heavilv charged, heavily hydrated ionic micelle 
which would exhibit excellent con ductivity and high viscosity at 
the same time. 

Although our iuvestigration of soap solutions has only reached 
its first stage, it has been possible on the basis of the above reason- 
ing to set up a comprehensive theory which explains and reconcile? 
all the mass of data of the most diverse sort which has already 
been accumulated. The various details of this theory, beyond the 
rom^h outline given above, will be mentioned and discussed in 
turn as we come to the new and confirmatory experimental 
evidence described below. 

This communication presents measurements of the freezing point 
and conductivity of nearly all the soap solutions which can he 
studied at 0®. Such comprise solutions of the potassium salts of 
the saturated fatty acids in) to and Including the laurate in 
all concentrations, and of the sodium salts up to the octoate (Cd- 
Further, the values for potassium oleate can be measured up to 
0-6-V ^0-8.y is a solid iellv at the ordinarv temperature), and 
sodium oleate up to ^•4.^ , a solution which is already quite 
viscous.* All other sodium, potassium, and ammonium soap? 

• The stftble^form of the aoHium oleate solutions at 18® is a white curd. 
The conductivity at 18“ of a very slightly alkaline 042^,, sodium oleate 
solution which has solidified to a stiff white curd is still 95 per cent, as grea 
as when it is a clear oily liquid at the same temperature. — M. E. L. 
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, i 11 ^ tie. Even potassium laurate and 

decoate usually separate out at above 0°. This is another reason 
why our chief experimental work hitherto has had to ko * j 
out at 90“ m spite of the greatly increased difficulties enta^eT^*^ 


The Conductivity of Soap Solutions at 18°.* 


In all our experiments, the 
communications were observed. 


precautions described in previous 
All instruments and vessels were 


Fig. 1. 



bandariiised. The soaps were likewise prepared from potaasium 
inppings and fatty acids by methods previously described Cou 
oentrations are expressed in weight normality, (mols per 1000 

oTto tl'e latter referring 

only to the temperature of the particular e.xperiment. 

6 conduetiyity measurements of solutioms from .V/10 upwards 

K fori 

large platinum electrodes were coated with grey 
• Expenmenta by M. E. L. 
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platinum sponge, and they were held firmly in position by glass 
rods fused to the cell wall and to each corner of the platinum. 
The cell constant was 13-20. The conductivity water possessed a 
specific conductivity of 1 — 2x10“®, for which no correction was 
made. Solutions from .Y/10 downwards were studied in the boro- 
silicate cell described by one of us (M.E.L., T., 1918, 113 , 245). 
The two cells gave identical values for the iV/ 10-solutions. 

The results are recorded in tables I — IV. The first column gives 
the weight normality, iV'u?, of the soap; the second, the volume 
normality at 18°, V,,,; the third, the values obtained for the specific 
conductivity, k, the values given being the final results from 
wholly independent solutions;* the fourth, f the density, D3®;the 
fifth, the equivalent conductivity, A ; the last column, the apparent 
degree of dissociation, a, where a = fXtlix^, /Xoq being taken as 
equal to 85 ‘4 for potassium salts, except the n-octoate (88*2) and 
sodium oleat-e (64*3). 

Table I. 


Conductii’itTf of Pofass^tum Lattraie at 18‘00°. 





A. 

a. 

2-000 

1*378 

0*05947 

43*14 

0*606 

1*500 

1*118 

0*05131 

45*80 

0*536 

l-OOO 

0*820 

f0*038241 
0*03889 \ 

1 0*03866 1 

m 

47*09 

0*551 

0*750 

0*641 

0*03032 

47*21 

0*553 

0*600 

0*440 

0*02042 

45*44 

0*632 

0*400 

0-367 

0*01632 

44*22 

0*618 

0*200 

0*191 

/ 0-0079841 
» 0-007984 (■ 

41*77 

0*480 

0*100 

0*098 

/0-004322'\ 

1 0004299/ 

44*03 

0*516 

0*050 

0*049 

0-002713 

54*89 

0*643 

0*0247 

0*024 

0-001702 

68*74 

0*806 

0*010 

0*010 

0-0007539 

75*44 

0*883 


Table II. 

Conducthnin of Voia.^-dum Olente at 18‘00°. 


N^. 

N,, 

K, 

D;^ 

A. 

a. 

0*600 

0*540 

/ 0*020231 
t 0*020131 

1-0070 

37*25 

0*436 

0*400 

0*363 

0*01304 

1-0030 

36-72 

0-430 

0*200 

0*188 

0*006248 

0-9999 

33*30 

0-390 

0*100 

0-097 

0*002877 

0-999G 

29-74 

0-348 

0*050 

0-049 

0-0014.71 

0-9991 

29*57 

0*346 

NIZ2 

0*031 

0-001035 

0-9989 

33*32 

0*390 

0*010 

>008 

0*0004198 

0*9987 

61*95 

0-608 


♦ One preparation of oleic acid gave quite colourleae clear soap solutionsi 
the other pale yellow solutions. 

t Omitted in Tables I and TV*, as new determinations were not required. 
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Table III. 



Conductivity 

of Sodium 

Oleate at 

18-00°. 


N „. 

N „. 

K. 

Dp . 

A . 

a, 

0-600 

0-510 

0-01104 

1 0050 

21-67 

0-337 

0-400 

0-357 

/ 0 - 007362 ) 
10 - 007476 / 

1 0020 

20-80 

0-323 

0-200 

0-197 

/ 0-0039941 
\ 0 - 003855 } 

0-9907 

19-77 

0-307 

0-100 

0-099 

0-001922 

0-9993 * 

20-46 

0-318 

0-050 

0-049 

0-0009966 

0-9987 

20-59 

0-320 

0-010 

0-010 

0-0002956 

0-9986 

30-09 

0-468 


Table IV. 

Conductivity of Poiasmim n-Octoate at 18'00°. 




K. 

A . 

o. 

2-000 

1-601 

0-06757 

42-24 

0-479 

1-000 

0-895 

0-04208 

48-60 

0-551 

0-750 

0-690 

0-03345 

49-75 

0-564 

0-500 

0-472 

003466 

63-00 

0-601 

0-200 

0-198 

0-01185 

63-05 

0-715 

0100 

0-099 

0-006456 

69-50 

0-788 


The density in every case is very slightly greater than that of 
water, as is always observed for potassium and sodium salts of the 
lower fatty acids. 

Some of these solutions have been measured at neighbouring 
temperatures by other investigators with fewer experimental pre- 
cautions (Kahlenberg and Schreiner, Zeitsck. phyukal. Chem.t 
1898, 27 , 552; Dennhardt, Diss., 1898; Afin. Phys, Chem.y 1899, 
[iii], 67 , 325; Kurtzmann, Diss.y 1914; KolL Chem. Beihefte, 
1914, 5, 465; Reychler, Eighth International Congress of Applied 
Chemistry). Their results differ more or less irregularly from 
ours by amounts varying from 0 to 30 per cent, in both directions. 
The smaller differences are chiefly attributable to alkali dissolved 
from the glass, an important source of error in the study of soap 
solutions (see McBaiii and Taylor, loc. cii., on whose exact study 
the validity of these e.xperiiuents is based). On the whole, the 
agreement is substantial, and our results are probably accurate to 
about 1 per cent,, with the possible exception of sodium oleate. 

The effect of time is of the onler of magiiitiide of 1- per cent., 
hut all our solutions were kept for several days at the ordinary 
temperature to allow them to become quite constant before being 
measured. The data refer to clear solutions in every case, except 
•T/20'potassium laurate. which is always cloudy. Thus many of 
the:<e solutions are supersaturated or inetastable with respect to 
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the separation of indefinite acid soaps. The latter dissolve on 
warming, and the metastahle solutions can then be preserved for 
long periods. 

The Exi^anatioii of the Good Conductivity of these CoHoichl 
ElectrdyteSy together with their Anomalous Maxima and 
Minima, hy Means of the Hypothesis of the Ionic Micelle, 

It will be recollected that hydrolysis has been shown to occur 
to only a slight extent in concentrated solutions of soap, so that 
in any case it cannot be adduced to explain an appreciable part 
of the good conductivity exhibited by soaps (and by hexadecane- 
sulphoiiic acid and its salts). This must find another explanation. 

The conductivity results are best discussed by showing them in 
the form of a graph for comparison. This is done in Fig. 2, where 
the equivalent conductivities are plotted as ordinates against the 
concentration, Nv, as abscissae. The figure also includes curves for 
the results of the higher potassium soaps at 90*^. 

The most striking point about these curves is that they represent 
moderately good conductivities even in concentrated solutions. 
Indeed, in many cases the conductivity curve, after passing through 
a minimum, rises on further concentration to a maximum, a 
phenomenon otherwise unknown in any aqueous solution,* except 
for Reychler’s hexadecanesulphonic acid, which is also a soap (Bull. 
Soc. chim. Belg., 1913, 27, 113). This effect is more pronounced 
at 18° than at 90°. Again, for any one saturated fatty acid, the 
potassium salt exhibits this behaviour to a distinctly greater degree 
than does the corresponding sodium soap. The oleates differ 
entirely from the soaps of the saturated fatty acids in that sodhiin 
oleate is a very much more typical soap in this respect. 

The existence of the minimum as an experimental fact has shown 
that on further increase of concentration the changes effected are 
such as to increase the conductivity. This cannot possibly be due 
to dissociation suddenly increasing again for a limited interval, 
nor can it be due to free hydroxyl ioiis, since the latter factor is 
negligibly small. 

The increase of conductivity with increase of concentration miiet 
therefore be due to the replacement of the simple laurate anion 
by an ionic micelle of higher mobility. Thus the effect of decreas- 
ing dissociation is more than counterbalanced by this replacement. 
Finally, however, a maximum is reached where the steadily 

* Sloan (J. Arner. Chem, Soc., 1910, 32, 946) finds that at 0" the equivalent 
conductivity of aqueous potassium iodide is constant over a considerable 
range of concentration. 
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diminishing dissociation of the colloidal electrolyte itself over- 
balances all other factors. That the conductivity of the ionic 
micelle is greatest in concentrated solutions, where its hydration 
is least, will be discussed below. 



i^quimUni conductivity oj aoup w/tf/iojw ai 18*'' and at 90®. 


The po.dtion^ of the mini in mu at the ordinary temperature is 

of ionic micelle is 
dilution at the solu- 

» ^VIO as contrasted witli its rapid rise at 9d^. This behaviour 
i predicted by McBaiii and Salmon, as was also the fact that 
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the minimum for potassium oleate occurs between NjXQ and Nj^^} 
owing to the greater tendency of this higher soap to form micelle 


The Temperature’ coefficient of Vonductivity of Solutions, 

The behaviour just described is in accordance with the ahnorm. 
ally high temperature'coefficient of conductivity in soap solutions 
a property which was formerly ascribed to rapid increase of hydro- 
lysis on heating, but is now seen to be the result of diminishiiiff 
hydration of the ionic micelle with rise of temperature. 

The influence of concentration on the temperature- coefficient of 
the conductivity may he analysed by the use of table V, which 
gives the ratios between the values at 90^ and at 18^, together 
with those of a few electrolytes for comparison. Kurzmann (/^c. 
cU.) has already pointed out that for a O'GJ-potassium oleate 
solution the conductivity rises three-fold between 20° and 90^, 
whilst the viscosity falls four hundred-fold. 

Table V. 


Uatioii hetu'ccn Conductivities, at 90° and 18°. 


Salt. 

O'OLV,,. 


ouv,. 

0-2N„. 0«5-0-6Av 

. 1 0A\. 

Sodium acetate ... 

3-25 

3-22 

3-19 

313 312 

3-14 

Potassium acetate 

2-88 

2-85 

2-82 

2‘79 2- 75 

2-79 

Sodium hydroxide 
Potassium 

2-63 

246 

2-46 

244 2-45 

2-50 

hydroxide 

— 

— 

— 

— — 

2-22 

Potassium octoate . 

— 

— 

2-95 

3-03 318 

3-06 

,, laurate 

309 

3-56 

3-G2 

3-45 3-22 

3-04 


It is evident from table V that for electrolytes the ratio between 
the conductivities at 90° and 20° do not vary much with change 
of concentration j although they make a flat curve with a miuirauni 
at about half normal. Further, the values for sodium salts are 
in every case 0*3 unit, or about 10 per cent, higher than lor flie 
potassium salts. Soaps, on the other hand, possess higher values 
than the corresponding potassium electrolytes, and they exhibit ni 
opposite behaviour in that the ratio for the temperature effect b 
a maximum in medium concentration. Knrzmann's ratios, as far 
as they go, appear to parallel ours, but are O' 3 to 0'4 unit lo\v€r. 

The customary temperature- coefficients of conductivity involve 
three separate factors for any electrolyte and five for a colloidal 
electrolyte The first two are the specific mobilities of the two 
ions, of which those with lowest mobility have the highest tempera- 
ture-coefficient, the third is the change of dissociation with 
temperature, whilst in the case of a colloidal electrolyte there is 
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the further factor of the chaoge in equilibrium between ions and 
.omc mmelle m add.tmn to the temperature-coefficient of the latter 
itself. T e more exact analysis is simple for electrolytes, but must 
remain in abeyance for the soaps until we have obfained tb! 
further experimental data contemplated. The higher ten, ^ 
coefficient for sodium ion is in accordance wiS the 
’’'^tb’f th°^ liydration being greater than that of pSum 

end that the same factor of hydration would explain thl data to 
»ap solu .oi«. The increase of colloid with lowering of temperature 
IS also a factor which might conceivably operate in either direction 
according as to whether this is increase of highly mobile ionic 

rlnicen the expense^f electro'te 

The other case of a colloidal electrolyte exhibiting an anomalous 
conductivity curve is hexadecylsulphonic acid (Reyfhler, foe U ) 
which exhibits a ininimum conductivity of 135 mho^. (to 149 
,n os.) Ill ^^73^olution at 56= (or 55°), but it has been measured 
only up to iy/15-solut.on. Indeed, it is tantalising in the extreme 
0 note how many premising cases of colloidal electrolytes have 
eei, s udied only m dilute solution, probably the reason why thi! 
type of behaviour has not been long familiar. ^ 

The Osmotic and Freeziiiff-poiiit Methods. 

These data are not nearly so accessible as one might expect for 
he case of co loidal e ectrolytes in which we are interestil, as a 
rief examination will show. Indeed, the data of McBaii and 

The freeaing-iioint method, which i.s tlie subject of our nresent 
study IS the osmotic metbod rrceUeiice where it can be appHed 

tn 1 tv'" '•ange of applicatioif Itl 

“ M"'*sputo,l, and. further, it may be made 
j cemat . The boiling-point method is whollv untrustworthy in 
jits application to solutions that froth and contain colloids^ n„ 
l^oimt of the effects of enclosed air, which, as McBain and Taylor 

»f boiling poilT^ The ^ apparent lowering instead of rise 
rfSmit" iL to J t, i>‘ the hands 

required to i '***’'" «5°‘'t 

OsmomeL data ava^ / '‘7 " measurement. 

Potation b tt’ i ® 'u 

VOL CSV ■''“‘^’■^■‘hle to build upon such a foundation. 

3 c 
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The lowering of dew-point method has been developed by McBaiu 
and Salmon, and measurements have been made of nearly a 
hundred soap solutions. It possessed the double advantage that 
it could^ be used at various temperatures, and that the presence of 
air had no influence on the results. It is, however, an unfamiliar 
method which has not been previously applied to the study of 
solutions. 

The existing literature consists of two measurements by Kahlen- 
berg and Schreiner of the lowering of freezing point of iV'/8- and 
iV/ 16-sodium oleate, and the dew-point data of McBain and 
Salmon, mostly referring to a temperature of 90“^. The freezing- 
point measurements here presented were carried out in order to 
study the effect of temperature and obtain further corroborative 
evidence by this independent method. 

The great difficulty is to measure the soaps while in the form 
of homogeneous solution. On cooling in the freezing apparatus, 
they usually become turbid, with the formation of fine, white or 
colourless, crystalline flakes, presumably of somewhat acid soap. 
This may often be avoided, and the soaps can be measured in the 
metastable condition. It should he noted that they are only a 
few degrees below the temperature at which the homogeneous form 
of the system constitutes stable reversible equilibrium. Indeed, 
perhaps the most important fact for the whole study of soap solu- 
tions is that the solutions constitute perfect reversible equilibria in 
which colloid, micelle, and crystalloid alike participate (see McBain 
and Taylor, loc. cit.). Incidentally, this would lead us to infer 
that colloidal systems in general represent the equilibria much 
more often than is usually recognised, owing to the conditions not 
being kept constant. 

Two methods were used, namely, the ordinary one of Beckmann 
and that of Richards {Zeitsch. physikal. Chem., 1903, 44, 563; 
J. Amer. Chem. Soc., 1903, 25, 291). The tatter is the quickest, 
and probably also the most accurate, of the precision methods, and 
it had been shown to be capable of yielding results accurate to 
about 0’0003°. It consists of the use of a Dewar vacuum vessel 
surrounded by a bath of the freezing temperature, and containing 
a solution which is full of finely powdered pure ice. When, after 
stirring, equilibria is attained, a portion of the solution is with- 
drawn°for analysis. For the latter we used either a Zeiss interfero- 
meter in conjunction with a graph prepared from standard solu- 
tions, or else we evaporated the solutions to dryness and weighed 
the residue. The former method, for example, is suitable for 
potassium acetate, the latter for potassium laurate. Although our 
object was not great accuracy, but chiefly trustworthiness an 



results free from distortion, we used =. * j . 

graduated in five-hundredths of a degree thermometer 

of which were corrected to the readings on ' th 

hydrogen thermometer at the T?e,Vh« e . '“® '“temational 

thUometer was kept permanent?; ‘his 

Results by the ordinary Beckmanri j 

distorted by the effect of the low convergencf t 
makes the lowering too ffreat Tti ^ ^einperature, which 

,h. '‘S 

.„..oa,bl., ,.d trad, m ft. I'""''"* '= '■'V 

readily be allowed for by the ordinary method 

the case of soap solutions, although it I " “ ^ calculation in 

account of the protectiv’e act o,f o L eoll'd"'^^’' 

crptals. Thus, unless an inoculatL L “ ice 

cooling easily exceeded 7° for an hour at a f .""^er- 

stirring. Great care was taken tn m' ■ 'vigorous 

remember in what followed is that ih^ i point to 

less than the true value, but that on observed is never 

effect is exaggerated. ' - on e contrary, the osmotic 


Jne point Dnta, 

Table VI presents the refuilts of tko 
rte results marked with an asterisk denot^P method, 

potassium inyristate (0.,) separated m t solutions. The 

«ked evolution of h^irthrs.i:; frr^;''’ :i 

a degree below 0®. tliousandths of 


Table VI.* 


lowering of Freezing Point 


h)j Btehniann 


1. . 0-2V,. 

lotassium aceUte 0-749° 

Sodiurn acetate 0-704 

Potassium 71- octoate... 0-742 

n flecoate... 0*649 

>* laurate ... 

10-245 


0- 5V,. 

1- 948“ 
1-774 
1-860 
0-752 

/ 0-332 
\0-371 


lOAV 
3-82“ 
3-739 
2-519 
1*014 
\ 0-623 
10*737 


Mtthod. 

2^0N^. 

8-56“ 

8-10 

3*146 

( 0*366 
1 1-460 


AJso O-To sodium acetate •’•7400.1.^, 

iHurate, 0-177°'‘o i ' ! " 5'83°; 0'05 

n-octoatc, 2'44o»' 0 , 0-212®; l-Q 

potassium oleate 0-oi5o. n-< h *T‘"' ° 0'4 

'>ieate, 0-0950. Vn ^ ^ 0-146^; 0*2 .odium 
' 7 30 potassium u-octoate, 4 - 7 F. 

• E*periment8 by M. E. L. or J. W, M, 


3 c* 
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Table VII contains the results of tbe Richards method, in which 
it is a matter of great difficulty to avoid separation of soap with 
r^ulting turbidity. Here again such solutions are designated by 
made to measure 
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Also sodium octoat©, 1-32; potassium octoate, 3*0ir«„ 

2*53. 

The lowering of freezing point is so large as to be indisputable, 
altbougli ft is in many of the solutions less than for an electrolyte 
of the same concentration. 


Fig. 3. 



Omotic aoUvUy (vanH Hoff's ‘ i" factor) of soap solutions 
ai 0® and at 90®. 

The Effect of Temperature on the Osmotic Activity of Soaps, 

The significance of these results is more apparent from a study 
1 the results plotted graphically, as in Fig. 3, in the form of the 
aide of the van’t Hoff factor " if’ This is merely the ratio 
>etween the actual lowering and that predicted theoretically for 
I perfect non-electrolyte of the same concentration, namely, 1‘858° 
equivalent of normality. In Fig. 3 the values of ‘‘ i ** are 
Mted against total weight normality of the solution. Some of 
values at 90® are included for comparison. 


3 c’ 2 
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First, with regard to the absolute magnitude of the osmotic 
effect in concentration of the higher soaps above iV/3, it lies 
between 1/6 and 2/5 of that for a crystalloid such as sucrose; or 
between 1/10 and 2/10 of that for an acetate. Further; the 
osmotic effect tends to be constant for concentrated solutions. At 
90°, on the other hand, the osmotic effect is several times greater, 
and it decreases rapidly with concentration up to 1'5JV or beyond. 
Both facts indicate a much more complete formation of colloid at 
the lower temperature. 

Secondly, the familiar general influence of hydration in magnify- 
ing osmotic effects is clearly apparent in the data for the acetates, 
which in turn stimulate complete dissociation in concentrated solu- 
tion. The effect of hydration is much more in evidence at 0° than 
at 90°. 

The octoate is particularly interesting in its intermediate posi- 
tion ill the homologous series as in its behaviour. In solutions up 
to iV/2, it is quite like the acetate, although with even greater 
apparent hydration. From A'/ 2 upwards, however, it rapidly and 
steadily falls, like the decoate at 90°, until the osmotic activity 
is only 0*85 that of a theoretical (non-hydrated) non-electrolyte. 

The Coneentraiton of Potamon or Sodion^ and the Mobilit'if 
of the Ionic Micelle at 18°. 

In tables I to IV, values were given for the degree of dissocia- 
tion deduced from conductivity based on the mobilities K.* = 64‘T, 
Na* = 43'6, C.' = 34'7, C/-23*5, Cj2/-20*7, Ci8/ = 20*7, where the 
fatty acid ions are indicated by the number of carbon atoms they 
contain. Our data, supplemented by those of Kohlrausch for the 
acetates, when calculated lead to the provisional c#icentration of 
alkali ions given in table IXa. This tacitly assumes that even 
the ionic micelle exhibits the same conductivity as the ions from 
which it originates. An alternative basis of calculation is con- 
tained in table IX?>, to be explained below. 

Table IX. 

Concentration of Potaszion or Sodion at 18°, 

(a) Atmminr} Ordinary Ionic Mohilitks. 

Substence. 0-lV, 0*2?7. 0-4V. 0-6V. 0'6V. VON. UIs. 

Potassium acetate 0-084 0-159 0*298 0*360 0*422 0*634 1-002 

Sodium acetate 0*069 0-129 0*236 0*278 0*324 0*467 0*680i 

Potassium octoate ... 0*079 0*143 0*261 0*300 0*360 0*661 0*9^1 

„ laurate ... 0*052 0*098 0-207 0*266 0*324 0*561 l-Ol 

„ oleate 0-036 0*078 0*172 0*217 0*262 — 

Sodium oleate 0*032 0*061 0*129 0*166 0-192 — - 
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Table IX. (contiimed). 


(b) If Ionic 

Micelle. 

has the 

: mme 

Mobility npi 

Potassion. 

Substance. 

0-lV. 

0-2V. 

OiN. 

0-5iV. 

0-6Ar, 

1-O.V 

2-OJ7, 

potaaflium octoate 

... 0-070 

0-143 

0-251 

0-300 

0-342 

0-504 

0-822 

„ laurate 

... 0-034 

0-065 

0-137 

0-176 

0-214 

0-36 

0-66 

„ oleate . . 

.... 0-023 

0-051 

0-114 

0-143 

0-173 



Sodium oleate 

0019 

0-037 

0-077 

0-098 

0-120 




Taking, first, the tentative results of table IXrt for the oleates 
and laurate, and comparing them with the data of table VIII, it 
is at once apparent that the supposed concentration of potassion 
QX sodion greatly exceeds the total concentration of crystalloidal 
matter present, except for the most dilute solutions. Thus, for 
0 - 4 .V -solutions, the discrepancies amount to about O’OSV, 

W’e are forced to revise the assumption made with regard to the 
conductivity of the ionic micelle, and to ascribe to it a conductivity 
equal to that of the potassion if conductivity and osmotic measure- 
ments are to be harmonised at all. In table IXJ, then, the con- 
ductivity data are calculated on the assumption that the ionic 
micelle has an equivalent conductivity of 64‘7, which is more than 
three times as great as that of the true oleate or oleate ion. This 
is, however, in agreement with the theoretical considerations 
ad\'anced by one of us (J.W.M., Tram, Faraday Soc.^ 1913, 9 , 
99; Kdlloid Zeitsch., 1913, 13 , 56), and already applied by one 
of ug in a previous communication with Salmon {loc. cit.). It 
was found necessary to make a similar assumption in the case of 
Mmcentrated solutions at 90°. 

Once again it is necessary to recall that the known sources of 
distortion of the experimental data operate in such direction as 
to emphasise*the argument on which our conclusions are based. 
Thu?, owing presumably to hydration, osmotic data in general are 
cbviously magnified (see, for example, Landolt-Bdrnstein 
Tabellen,’’ where apparent dissociation frequently exceeds 100 
Ger cent.). Again, high viscosity is conceded to have the effect 
f diminishing apparent conductivity. Yet, in spite of this, the 
utstaiiding experimental result is that in soap solutions the 
jfflotic effect is only sufficient to explain about half of the con- 
betivity exhibited. 

The effects just discussed for the case of ordinary electrolytes 
ire exemplified in the usual unmistakable fashion by the results 
or the acetates and the more dilute solutions of the octoate. In 
cases, the osmotic activity as measured considerably exceeds 
total predicte<l from conductivity. In the more concentrated 
elutions of octoate, however, the soap character predo»ninates 
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sufficiently to mask this, and they show more than 50 per cent, 
of colloid (see below, table X). 

In this intermediate case of potassium octoate in table IX & 
use was made of Fig. 3 in computing the average mobilities of 
the varying mixtures of ions and ionic micelle here present. For 
solutions between 0*5 and 2'OiV, it was simply assumed that 
varied linearly with the i value from 88*2 for i = 2*00 to 108*3 for 
j = 0‘40. This is a first approximation pending the results of 
-.actual measurements of migration now being carried out with soap 
solutions. 

The Amou?7ts of Crj/stalloid and Cdloid in Soap Solutiaiia, 

The total amounts of crystalloidal matter other than potassion 
or sodion are obtained by subtracting the numbers in table IXb 
for sodium or potassium from those of table VIII for total crystal- 
loids; the results are given in table X. Further, these amounts 
subtracted from the total concentration leave the amounts whicli 
it is necessary to regard as colloid. Further, since the total 
amount of, say, oleate present must be the sum of crystalloidal 
and colloidal oleate, the amount of colloid is simply the total con- 
centration less the value for crystalloid given in table X. These 
values are collected in table XI, and the latter includes for com- 
parison a few results found by the dew-point method at 90^^. 


Table X. 

CrpufaJlofdal Mai ter other than Pofamon or Sodion. 


Substance. 

0*1V. 

0*2V. 

0*4V, 

0*6V. 

0*6X. 

l-OV, 

2-OA. 

Potassium acetate., 

.... 0*106 

0*211 

0*462 

0*580 

0*708 

1*396 

3*598 

Sodium acetate . 

.... — 

0*251 

0*525 

0*672 

0*836 

1*543 

3*680 

Potassium octoate 

... — 

0*248 

0*569 

0*700 

0*790 

0*856 

0*868 

„ laurate 

... 0*059 

0*071 

0*027 

0*02 

0*03 

0*04 

0*13 

,, oleate 

0-023 

0*013 

0*002 

0*007 

0*014 

— 

— 

Sodium oleate 

.... — 

0*014 

0*002 

— 

— 

— 

— 


Table XI. 

Total Concentration of Colloid. 


Substance. 0-lV. 0-2V. 0-4V. 0-5X. 0«6V. l-OV. 20i^. 

Fotasaium octoate — —0*05 — 0’06 — 0-2 —0*19 -f0*144 +1'^^^ 

Do. St 90® r..... — -0*02 — +0*07 ~ +0*28 - 

Potassium laurate 0*041 0*129 0*373 0*48 0*57 0*98 j’o' 

Do. at 90" — “0*01 — HO-22 — +0*85 

Potaeeium oleate... 0*077 0*187 0*398 0*493 0-586 — - 

Sodium oleate — 0*186 0-398 — — 
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The results given in tables X and XI may be summarised in 
the statement that m all but the most dilute solutions of the 
laurate, and bWI more so with the oleates, the soap exists a most 
entirely as colloid. The OdiY- and 0'2/V-laurate, and the 2-OfY. 
cctoate, contain comparable amounts each of crystalloid and 

colloid. 

1 ^Ivideft^'afono*'’ Hydration are much 

less evident at 90= which agrees well with the e.xtensive invest!- 

gations of H. C. Jones and others on the solvate theory The 
results with soap solutions in general afford strong support for a 
solvate form of the dissociation theory. For instance, the change 
i„ Kvdra ion with temperature explains the very high temperature- 
coefficient of the conductivity of soap solution. 

The second effect of temperature is that much more colloid is 
formed at lower temperatures. This is very evident in the case 
of the higher soaps. At 90=. as at the ordinary temperature, very 
dilute solutions of soap contain hut little colloid, and the soap is 
essentially in the form of a simple electrolyte. At the lower 
temperature, however, the formation of colloid sets in at much 
lower concentration. 

The combined influences just referred to are most apparent in 
the intermediate case of the octoate. Whereas at the ordinary 
teuuierntnre apparently negative concentrations are deduced for 
solloid owing to the influence of hydration, even up to 0-6iY-solu- 
tion. at 90° the negative value at 0-3,V is almost within the 
f.sperunentel error, and the formation of colloid shown already at 
O5.y-;joltil!on to the extent of U per cent. 


The Fon77uIafwn and Concenfrafinn of the Tonic Micelle. 

As was shown in the previous communication, the conception of 
the ionic micelle that appears most probable pending the results 
of hirtber experiments is that it consists essentially of an aggrfr 
nlinn of ordinary ions retaining their original charges. Around 
this nucleus would he condensed a large number of ^uolecules of 
water, and probably also most of the neutral colloidal soap avail- 
ahle. This is represented in the formula 
(NaP),(P): ' . 

Wi increasing concentration, or when the dissociation is 
ditnitushetl, this must tend to alter towards neutral colloid 
(XaP),.(H.,0)„. 

There was evidence for the conohision that hydration diminishes 
rnobility increases with increasing concentration. 

We have shown how the approximate values of the concentre- 
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tions of the total crystalloid and total colloid can be obtained, 
\Ve have now to allocate the total crystalloid between undissociated 
soap> sodion or potassion, and simple fatty ion> and the total 
colloid between neutral colloid, (NaP)^, and aggregated ions in 
the micelle, (P),"' 

This is at present possible only between certain limits set out 
in table XII below. The first figure in each pair allocates the 
total colloid so far as possible to micelle; this cannot, of course, 
exceed the concentration of potassion nr sodion, and any excess 
must necessarily be ascribed to neutral colloid. The second figm-e 
in each case makes the opposite assumption, allotting the total 
colloid to neutral colloid as far as possible. The maximum here 
is the total amount of undissociated soap obtained by subtracting 
tbe concentration of potassion or sodion from the total concentra- 
tion of the solutions; any excess of colloid must then be recognised 
as ionic micelle. Table XII includes previous data for the case of 
potassium laurate at 90° for comparison. Results are expressed 
in mols. per 1000 grams of water. 


Table XII. 


Meamred of Concentration of Constituents of 

Solutions. 


Neutral 

colloid, 

N,.. (KPb 


Simple 

Micelle, ion. 

P-n F. 


Simple 

undissociated Cation. 
KP. K. 


Potnssium OcUmie. at 0 — 18°. 


I'O 

0.0O-0«14 

0-14— 0-00 

0.35— 0-50 

0-50—0-35 

0-50 

2-0 

0>31— M3 

0-82—0.00 

0-04—0-82 

0.82—0-04 

0-82 


Votamum. Laurate at 0- 

-18° 


0«l 

0-01--004 

0.03—000 

0-00—003 

006—0-03 

003 

0-2 

0-00— 0-13 

0-07—000 

0.00—0-07 

0*07—0-01 

0-07 

0-4 

0>24— 0‘26 

0-14—0-11 

0-00—003 

0.03—0-00 

0-U 

0-5 

0*30— 0-32 

0-18— 0-16 

0.00—002 

0-02—0-00 

0-18 

0-6 

0'36--0-39 

0-21— 0-18 

0-00-0-03 

0-03-0-00 

0-21 

10 

0-60-0.04 

0-3O-O-32 

0-00—0-04 

0-04—0-00 

0-36 

20 

1-21—1.34 

0-66—0-53 

0-00—006 

0-13- 0-07 

0-66 



Potassium 

Tjaurate at 

90°. 


0-2 

000 

000 

0-10 

0-10 

010 

0*5 

0-00—0 22 

0 22— 0 00 

0-04-43-26 

0-24—0-02 

0-26 

10 

0-33— 0-48 

0-62— 0-37 

0-00— 0-15 

0-16—0-00 

0-52 

20 

l-OO— Ml 

0-89—0.78 

OOO-O-ll 

0 11— 0 00 

0-89 
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Table XII. {continued). 

Measured Limits of Concentration of Constituents of Soap 
Solutions. 



Neutral 


Simple 

Simple 



colloid, 

Micelle, 

ion, 

undissociated 

Cation 


(KP),. 

Pfb 

F. 

KP. 

K. 


Fotassium Oleate at 0- 

-18°. 


0-1 

0.05—0-08 

0-02—000 

0-00—0-02 

0-02— 0-00 

0-02 

0-2 

0- 14-0-15 

0-05— 0-04 

O-OO— O-Ol 

001— 0-00 

O-O.'i 

0-4 

0-28—0-29 

0-11 

0-00 

000 

0-11 

0-5 

0-35—0-36 

0-14 

0-00 

000 

0-14 

0-6 

0-41 — 0*43 

0-17— 01 6 

0-00— O-Ol 

0-01—0-00 

0-17 



Sodium Oleate at 0— 

-18°. 


0-2 

0-15—0-16 

0-04—002 

0-00—0-01 

O-Ol— 000 

0-04 

0-4 

0-32 

0-08 

0-00 

0-00 

0-08 


An inspection of the data in table XII reveal g that in the cases 
jf the oleates and the more concentrated solutions of the laurates, 
tb limits of concentration of each constituent are narrowly 
defined. These solutions consist almost entirely of colloid, together 
with potassion or sodion. There is more than twice as much 
neutral colloid, (KP)^, as of agglomerated ions, Pf’; in these 
potassium soaps and in sodium oleate there is four times as much 
(XaP)^ as of P"‘'^ whereas at 90° the proportion varied between 
3 2 and nearly equal amounts. 

Once more the difference between potassium and sodium soaps 
asserts itself, a difference that is evidence for the inclusion of the 
neutral colloid in the micelle, since otherwise the micelle must be 
of identical composition in the two casa^. Although there is the 
tame total amount of colloid in both cases, the sodium soap con- 
tains only about half as much micelle. 

Comparison with solutions at higher temperatures shows that 
tliere is more neutral colloid present at low temperatures, pre- 
sumably in the micelle, and po.ssibly in the same way that there is 
abo greater hydration at the lower temperature. This accords 
also with the abnormally high temperature-coefficient of 
conductivity. 


Cm})firison wth liesults of Dew- point Measuirements at 20°. 

We have carried out a few dew point measurements at 20° for 
omparison, employing the method previously described. The data 
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are given in table XIII. It will be noticed that the data agree 
exactly with the most accurate of the freezing-point data; the 
method is applicable at all temperatures, and therefore to ail soap 
solutions. 

Table XIII. 


UeAisuremenU of Lowering of Dew Point of Soap Solution^ 




Tern- 


Crystal- 


Soap. 


perature. 

Lowering. 

loid. 

“ i” 

Potassium chloride 

I'OxV 

20" 

0'58" 

1'99 

1'99 

„ laurate 

, 0'2 

20 

0'04 

0-14 

0'70 

„ octoate 

, 30 

20 

0-70 

241 

O' 99 

,, oleate 

O' 2 Potassium laurate 1 
0-6 f, oleate / 

, 0-6 

20 

0«07 

0-24 

0-40 

- 

20 

012 

0-41 

0'51 

Amraoniiun laurate 

, lOiV 

20" 

0-17" 

0-583 

0-583 

n •» 

, 0-5 

20 

0'08 

0-275 

0-55 

„ palmitate ... 

, 1-0 

20 

0-06 

O' 206 

0-21 

1-0 

90 

013 

0'277 

0-28 


The complicated effect possible when soaps are mixed in solution 
has been discussed elsewhere. In the case of the mixture in 
table XIII, 0'6.Y in respect of oleate and 0^2^ in respect of 
laurate, the total concentration of crystalloid is 0-41iV, as com- 
pared with 0‘38Y, the sum of that of the constituents separately. 
The conductivity of the mixture is also 5 per cent, above that of 
the constituents, so that most of this increase may be attributed 
to formation of mixed ionic micelle. 

A m m on i ii m Sijapfi . 

The study of ammonium soap prepared from palm-kernel oil 
(which is largely laurate with some higher constituents) by 
Goldsmidt and Weismann (KoUoid Zeitsch., 1913, 12 , 18) ha? 
given very interesting results. Like the potassium soaps, they 
exhibit fairlv high conductivity, which in this case cannot possibly 
be due to products of hydrolysis. The conductivity curve differs 
greatly from those of sodium and potassium soaps in that it rises 
steadily with concentration from 0'2iV- up to 1‘OiV-solution by 
about 38 per cent. The rise is rapid at first, then more gradual 
Dilute solutions were not measured. The rise is accompanied by 
an increase in viscosity of several hundred-fold. All these solu- 
tions are appreciably hydrolysed, as is shown by the increase in 
conductivity effected addition of excess of ammonia, which m 
itself is a poor conductor. 

These results can be interpretexl as showing that simple fatty 
• Measurements by M. E. L. 
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ion existing in more dilute solutions is being replaced in more con- 
centrated solutions by the ionic micelle, wbicb is a better conductor 
This IS quite m accord with our conclusions, but the micelle in 
concentrated solutions must conduct as well as a good conductin? 
ion, such as potassion. * 

Some dew-point measurements of ammonium soaps are given in 
the lower half of table XIII, The solutions were prepared from 
pure fatty acids_ It was not considered necessary to correct them 
for the effect of the partial pressure of the ammonia, as it was 
evidently too small. * 

In warm weather, the and ^/2-laurates were quite clear 
solutions shomng none of the usual appearances of soap solutions 
except that they ^ave a very good lather. On cooling the ir/9. 
laiirate solution deposited feathery, crystal-like flakes; the iT-solu- 
tions did not do this, hut in very cold weather they set to a semi- 
transparent jelly similar to a potassium soap. The Ay/2-palmitate 
was somewhat similar, hut the iY-solution was practically soKd at 
all temperatures, and resembled solid white foam. 

A glance at the results shows that, independent of the tempera- 
ture. there is a very large difference between ammonium laurate 
and palmitate very much greater than that observed in potassium 
soap solutions. The total crystalloid in ammonium laurate is nearly 
50 per cent, greater than in potassium laurate, whereas in 
ammonium laurate it is much less than in ammonium palmitate 
An appreciable fraction of the total crystalloid will he undissociated 
ammonia. 

Further investigation would evidentlv be well repaid, particu- 
lar^ if pure fatty acids were used for making the solutions and 
kdrolypis were avoided, as pugge':ted above. Enough has been 
presented to show that the relationships agree with"' our .reneral 
conception of colloidal electrolytes. 


Gfneral ConcIuaioyH an^ Summary. 

The theory of colloidal electrolytes der-ned by one of us receives 
rarther confirmation from the measurements of conductivity, freez- 
; point, and vapour pressure of soap solutions at the ordinary 
i temperatures here commnniratptl. 

The general theory is based on the conception, justified on 
mechanical grounds, that ions may be asgregated to form the 
n'Jceus of a colloidal particle, termed the ionic micelle, whilst 
e a.mng tnpir equivalent electrical charges, Thus the ionic 
wile exhibits conductivity ,as well as mobility even greater than 
long contained in it. 
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In the case of soap solutions, such as those of potassium oleate, 
the ionic micelle in concentrated solutions exhibits an equivalent 
conductivity three times greater than the oleate ion and equal to 
that of the potassion. Its general formula may be taken as 
(K01)*.(01)f' .(HgOV, the amount of water of hydration 
involved being least in concentrated solutions and at higher 
temperatures. The change in hydration explains the abnormal 
temperature^coefficient of conductivity. 

The formation of colloid, in the case of higher soaps, is so com- 
plete at the ordinary temperature that in all ordinary solutions the 
only other constituent is the potass ion, sod ion, or ammonion, as 
the case may be. In dilute solutions, the soaps become simple 
crystalloidal salts, and hydrolysis becomes appreciable. 

No other representative of this very numerous and important 
group of substances has yet been completely investigated, but the 
data available for such instances as the silicates, tellurates, dyes, 
proteins, salts of alkaloids, gelatin, or casein, etc., agree with the 
requirements of the theory, which affords a fresh interpretation 
and reconciliation of the results. 

In conclusion, we desire to express our thanks to the Colston 
Society of the University of Bristol for substantial grants towards 
the purchase of materials and apparatus. 

Chbmic.\l Depakthent, 

The University, Bristol. [ Received , September 1919.1 


CXX.— rAe Degree of Ihjdration of the Partied 
which Form the Structural Basis oj Soap Curd, 
DetermiTied vti Expevimeuts ou iaorptiou cnid 
Salting Out. 

By James William McBain and Millicent Taylor. 

In 1911 we published experiments on the salting out of sodium 
palmitate by sodium hydroxide, the results of which appeared to u9 
highly remarkable {Zeitsch. physikal, Chem.f 1911, 76, 199, table 
IX). When the sodium palmitate was salted out, the clear sou- 
tion that rerftained as mother liquor, or lye, contained a higher 
concentration of sodium hydroxide than before. 

The explanations advanced were either that the curd which was 
salted out contained some acid sodium palmitate, or that very 
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pronounced negative sorption had occurred; and further experi- 
ments to decide this were outlined. 

It 13 the object of this communication to present the results of 
the first of a series of investigations which show that salted out 
sodium palmitate is hydrated, and that the curd as a whole con- 
sists of this hydrated solid together with entangled or enmeshed 
mother liquor. 

It is impossible to elucidate this problem merely by the direct 
analysis of the curd, since the curd contains a quantity of concen- 
trated lye mechamcally entangled, and yet cannot be washed 

If acid soap were present, it would nevertheless be entirely 
masked by the large amount of free alkali in the solution clingine 
to it. Methods had to be devised for distinguishing the water 
chemically or physically combined (sorbed) from that of the 
enmesh^ solution, thus affording a knowledge of the composition of 
the curd itself. ^ • 

In carrying out the present experiments the concentration of the 
lye before and after salting out was determined, and this was sup- 
plemented by a complete analysis of the wet curds. The calculation 
is based upon the assumption that the sodium hydroxide is not 
appreciably sorbed by the hydrated curd. As will be shown this 
leads to values which are only slightly less than the true degree of 
hydration. Methods of preparation employed and precautions 
observed were those previously described. 


The Method of Calculation of Hydration from Analysis of Lyes. 

If a system is made up by taking 1 mol. of sodium palmitate 
{.NaP) and 1000 grams of water and 2 mols. of sodium hydroxide 
(thus 2 000 weightrnonnal, .V„) and the curd separates out quanti- 
tatively with, say, a composition corresponding with NaP, 5 H 20 
5 mols. of water will have been abstracted from the lye The 
removal of 5xl8'02 = 90'l grams of water from the 1000 grams 
originally present will have resulted in an increase of the weight- 
amality of the solution of sodium hydroxide from the value 
‘>^-2 000 to a normality N', where 


= 1000 ,, 

louo-oo-r^’ 

Hence, in general, if Jr is the weight of water abstracted, 

IV = 1000^1 - 'V ^ gfains. 

H the weight-normality of the original sodium palmitate had been 
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Ntf the hydrate or sorbed water abstracted by Nt mols. of sodium 
palmitate would have been 


W 

18-02 X N, 


mols. of water, 


or 


1000 N\ 

18-02 X N, V N'J 


mols. of water to one of NaP. 


The residual sodium palmitate in solution in the lye amounted.to 
only a few ten-thousandths normal, which does not . affect the 
results. 

Actually in most of the experimente, pure palmitic acid was 
weighed into a large silver tube and a measured volume of a concen- 
trated solution of sodium hydroxide was added. After sealing with 
pure silver the tube was placed in a tbermostat at about 90° and 
shaken during periods ranging from ten days to three months. The 
contents were then filtered through perforated silver foil at 90°. 
la carrying out the calculation outlined above, the water formed 
by the chemical reaction between the palmitic acid and the sodium 
hydroxide was taken into account, and volume was converted into 
weight-normality. 


Hydration from A^ioXym of Lye&. 

Table I presents the data of ten experiments in which sodium 
palmitate was salted out by sodium hydroxide. The first column 
contains the number of the experiment for further reference; the 
second, the total amount, in mols., of palmitate in 1000 grams of 
water, calculated as sodium palmitate; the third, the amount of 
sodium hydroxide in excess ; the fourth, the time allowed for inter- 
action; the fifth, the weight-normality of the sodium hydroxide in 
the lye after the experiment; the sixth, the amount of sorbed water 
to 1 mol. of sodium palmitate. In experiment 3 (a) previously 
prepared pure sodium palmitate was added to the hydroxide; in all 
other cases palmitic acid was added direct. 


Table I. 


Hydration of Sodium Falmitate Curdi at 90°. 


No. of 

Origmal charge. 

NaP. NeOH. 

Time 

Lye, NaOH 

Hydration : 
mols. H 2 O 

expt. 

N,. 

N. 

shaken. 

N', 

to 1 NaP. 

lo 

0-9823 

2-9470 

10 days 

3-119 

3-1 

10 

0*9939 2-9816 

4 weeks 

3-2189 

3-7 


Mean hydration =-'3' 4 E|0. 
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Table I. (continutd) , 

Hydration of Sodium Palmitate Curds at 90'^. 

Original charge. 


No. of 

NaP. 

NaOH. 

Time 

Lye, NaOH 

expL 

N,. 

N. 

shaken. 

N’. 

1 

0'9608 

1*9216 

4 months 

2-084 

3 

0-9608 

1-9216 

3 M 

2-1004 

6 

0-9337 

1-8676 

10 weeks 

2-042 

7 

0-4949 

1-7919 

10 „ 

1-898 

Mean hydra 

3a 

0-6021 

1-6066 

14 days 

1-611 

2a 

0-495 

1-485 

10 „ 

1-596 

11 

0-5002 

1-5006 

4 weeks 

i-566 

12 

0-5145 

1-589 

4 „ 

1-686 


Hydration : 
mols. HjO 
to 1 NaP. 
4-5 
4«9 
6-0 

6- 3 

ion = 5-2 HjO. 

7- 2 

8 - 0 
4-7 
6-2 


Mean hydration = 6- 5 HjO. 


The results recorded in table I show clearly that there is a definite 
amount of combined water in each case, and that this depends on 
the concentration of sodium hydroxide present in equilibrium with 
the curd. Thus for 3'0, 1’9, and I'oA'-sodium hydroxide solutions 
the hydration is 3-4, 5-2, and fi'S mols. of water to 1 mol. of sodium 
palmitate. In other words, halving the concentration of the lye 
has doubled the degree of hydration. 

Of course, if some sodium hydroxide also is combined in the curd 
the above numbers have to be slightly increased to give the true 
hydration values. 

The result found for curd in the presence of l-9aV^dium hydr- 
oxide is confirmed by an analysis of the curd itself. One hundred 
grams of curd contained 57'66 grams of sodium palmitate, l‘68l 
grams of sodium hydroxide, and 40‘66 grams of water; or, to 1 mol. 
of sodium palmitate, 0-2027 mol, of sodium hydroxide and 10’89 
mols. of water. Since the lye was shown to be i'SSdaV. sodium hydr- 
oxide, 5-93 mols. of water are to be regarded as solvent (enmeshed 
ye). This leaves S’O mols. of water of hydration to 1 mol. of 
sodium palmitate, as compared with the mean result, 5 '2 mols., 
given in table 1. Again, it is of interest to note that tliis curd 
contained about equal amounts of enmeshed lye and combined 
water. 

Two further reaulta are given in table II. Here the solution 
employ^ for salting out contained 2.V-sodium chloride together 

A /2-sodium hydroxide and previously prepared sodium 
palmitate. 

The headings of the columns are as in table I, except that a 
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column giving the original normality of sodium chloride has been 
inserted after the third. 

Table II. 

Hydration of Sodinm Palmitate at 90®. 

No, of Original Charge Time Lye Hydration 

expt. NaP. NaOH NaCl. shaken. NaOH. mols H,0 

15 MOO 0«5069 2-000 2 weeks 0-6608 4-4 

16 1-000 0-5069 2-000 14 days 0-5508 4-4 

Mean hydration =4- 4 H,0, 

This result, 4‘4H20 to INaP, where the lye is 2'bN altogether, 
agrees excellently with the values in table I, and would make it 
appear that the hydration of the curd may be governed more by 
the concentration of the lye than by the nature of the salt employed 
in salting out. If this proves to be the case it will only be necessary 
to ascertain the molar concentration of soap lye in order to measure 
the hydration of commercial soap curds, once a standard value for 
each type has been obtained. 

Results with sodium stearate are given in table III, showing that 
with riiY-sodium hydroxide the mean hydration is about 4 ' 3 H 50 , 
as compared witli G’bHgO for the palmitate. 

Table III. 


Hydration of Sodium Stearate Card at 90®. 


No. of 

Original 

Charge 

Tim© 

Lye 

Hydration 

e.\pt. 

Na stearate. 

NaOH. 

shaken. 

NaOH. 

mols. H.O. 

13 

0-4679 

1-404 

46 days 

1-444 

3-3 

14 

0’4079 

1-404 

48 „ 

1-469 

5-3 


Mean hydration =4- 3 H,0. 


The Effect of great Preuure on the Hydration of Soap. 

In order to leave no loophole for the alternative explanation of 
the phenomena liere considered, experiments were carried out in 
which the curd was subjected to a pressure of hundreds or thou- 
sands of atmospheres during filtration. The lye filtering through 
was, of course, concentrated sodium hydroxide, and if the solid part 
of the curd really contained acid sodium palmitate, and if the 
separation from the curd was carried far enough, analysis of the 
residual curd must show a direct deficiency of alkali. However, 
we found that the curd was always alkaline, no matter how extreme 
the pressure or how much lye had been forced out. The only ob- 
served effect of applying pressure to the curd, whilst allowing the 
lye to escape, was to diminish the amount of hydration. 

The press employed, together with the thermostat in which it was 
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^xed, is Bketched in cross-section in the figure. The filter bed con- 
sisted essentially of sugar-carbon previously treated with ly.e, but 
arranged so as to avoid contact with the soap curd as far as possible. 

The filtration was carried out in the steel tube a, fitted with a 
perforated steel filter disk, h. 

On the top of this disk was a sheet of nickel gauze, and above 



Prm employed /or diminishvig the hydration and imbih^ion oj 
eoap curd. 


that again a layer of perforated silver foil. The carbon bed, Cy 
some 1— 1*5 cm. in depth, rested on the foil and was covered with 
two more layers of the perforated silver foil. Before use the whole 
hed was moistened with lye and made thoroughly compact by 
pressure from the pistcfh d. 

The soap curd from which the lye had been rapidly filtered, 
through a silver cone, at 90^^, was transferred to the filter and 
covered with two layers of perforated silver foil. Between this and 
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the steel piston was inserted a hollowed out, thick-walled rubber 
washer of the form used in a Bramah press. Pressure was applied 
through the screw by means of a double set of levers, about 80 cm. 
in l6ns[bli4 

The sample of curd for analysis was taken from the centre of the 
block of hard curd left in the press. In satisfactory experiments it 
contained no carbon. Various methods were employed in the 
analysis, but only the one found most convenient is here described. 

The curd was dissolved in neutral, boiled-out 80 per cent, alcohol 
containing phenolphthalein. The solution was titrated with 
A'/lO-sulphurio acid, the alcohol evaporated, and excess of A-sul- 
phurio acid added. After decomposition of the soap had been com- 
pleted by alternate heating and cooling, the solid palmitic acid was 
collected The filtrate wa? titrated to ascertain the amount of 
sodium palmitate which had been present. In many cases the 
palmitic acid was determined directly by weighing or by titration 
in alcoholic solution. Water was always obtained by difference, 
The method of calculation was usually that illustrated by the curd 
analysis accompanying table I above. This is termed “mixed” 

calculation in the table above. j. i • 

In a few cases, liowever, the concentration of lye after salting out 
was not determined. Here the amount of lyc and its concentration 
were calculated from the analysis of the curd by successive approxi- 


Tablk IV. 

Hydration of Curds after Great rresmrt at 


Original charge. 



expt. iV,. V . 

10 0-994 2-98 

4 0-997 1-99 

1 0-961 1-92 

2 0-901 1-92 


Curd composition : ^ 
100 grams of curd contain 


NaP. XaOH. H,0. 
83-644 0-899 15-457 

77-580 M54 21-206 

(73-850 1-286 24-864) 

(74-424 1-383 24-193) 

{69-99 1-021 28-994) 

(67-23 1-306 31-479) 

(77-51 1-153 21-342) 


Method 

of 

calculation. 
“ Mixed ’’ 
“ Curd ” 
“ Mixed ” 


“ Curd 


3 0-961 1-92 66-146 

6 0-934 1-87 (68-404 

(67-616 

(81-913 

7 0-498 1-79 73-804 

Sodium 

stearate 

13 0-468 1-404 70-682 

14 0-468 1-404 72-916 


1-235 32-619 “ Mixed 

1*329 30-267) “ Mixed 

1- 314 31-070) 

2- 084 16-003) 

0-785 23-411 , “Mixed 


1-227 28-091 “Mixed” 
0-905 20-179 “Mixed’ 


Hydration : 
mois. HjO: 
to IK^.. 
1 - 54 ^ 

1- 42 

2 - 0 
1-6 
3-6 

3- 6 

(1-3 pressed 
on tile) 

4- 3 
3-3 
3-4 

— 1-8 (pressed 
on tile) 
3-2 


1-6 

2-5 



McBAIN TAYLOR : THR DBORRE OF HYDRATION, ETC. 1307 

mations based on the hypothesis that all excess of h.A. -a 
contained in the lye and not in the curd proper As ma 
theoretically, this leads to a perfectly dffin^ result *^7" 

of the hydration. This we term the pure “ curd ” ea/ll r® 

The results for sodium palmitate salted out K 

„ gi... i. uu. :v. ?h. I”"* 

..Ml th. .„d b.g.. „ b: SS' 'f ■r."’* I"* 

cases some carbon was mixed with the curd 1 ^SeveL^ , 
different levels were taken for analysis in some of the 

Table V gives similar data for the pressed curds of 

and 16 of table II. ‘ Experiments 15 


Curd compoaition : 
No. 100 grams contain 

of d- , 

expt. NaP. NaOH. NaCl. 

15 SO'OI 0-144 0-761 

16 80-43 0 160 0-922 


Table V. 


Method of 
calculation. 
“ Mixed ” 
“ Mixed ” 


Hydration ; molse 
H,0 to 1 NaP. 
2-2 
2-2 


On examining the results of tables IV and V it 
very great pressure to which the curds were subjected^whTle^^^ 
tact with rejdual lye lowers the degree of hydrition to a^iit Z( 
of that of the jmpr^d curd. This is in accordance with the 
recognised pro^rty of colloids that the swelling pressure increase! 
enormously as the solvent is removed, although the pressures he!! 
employed fax transcend those hitherto investigated 
The most effective way of dehydrating soap curd i’s to press it on 
a porous tile, thus making .use of the swelling pressure of kaol ! to 
abstract the water. Curds from E.xperimenl 2 and 6 so tre“ted 
and the composition calculated as before aave values for e„n ^ * 

irW was 


oummary, 

Jaltldi?r'’'7°'^7“ i^ydroxide occurs when soap 

rrnm ih { s°dium hydroxide in concentrated solution. 

‘be solid pa!t the amount of water contained in 

he clinvi/ r 7 distinguished from the entangled 

» OedfanL! deduced. Soap curd is thus shown to be 

eiiiiieshed lye. hydrate (or sorption compound) and 

VOL. CXV, 
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The degree of hydration varies with the concentration of lye as 


Lye. 

Sorption compound. 

Percentage of 
fatty acid. 

30N 

NaP,3-2H*0 

76-28 

2^5 

NaP,i-4HjO 

71-67 

1^9 

NaP,6-2H,0 

68-89 

15 

NaP,6*5H,0 

64-81 


Extreme pressure lowers the degree of hydration considerably. 

In conclusion, we have pleasure in thanking the Colston Society 
of the University of Bristol for a generous grant towards the 
purchase of materials and apparatus. 

The Chemical Department, 

Bristol University. [Received^ September 17(A, 1919,] 
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The Action of Cuprous Chloride with Compouuds con- 
taining the Trichloromethyl Group. Howard Watkes Doughty 
U. Amer. Chem. Soc., 1919, 41, 1129 — 1131). — As an outcome of 
tiis work on the hydrolysis of organic haloids and the corrosion of 
2 fletals (A., 1918, i, 57), the author recommends the following pro- 
cedure as a test for the presence of compounds containing the 
(jClj or CBrg groups. A few milligrams of the substance are 
placed in a stoppered vessel of 10 — 15 c.c. capacity, which is then 
filled with concentrated ammonia solution. About 0*5 gram of 
powdered cuprous chloride is then added, and the vessel is quickly 
closed to exclude air, and shaken. The deep blue colour of the 
cupric-ammonia complex develops in a minute or two if a trichloro- 
„r tribromo-m ethyl group is present. Carbon tetrachloride 
behaves in the same way, but hexachloroethane does nob respond 
to the test. J. C. W. 

preparation of Trichloroethylene from Tetrachloroethane. 

COMPAGNIE DES PbODUITS ChIMIQUES d’AlAIS ET DE LA 
C,vMARGUE (Eng. Pat, 132755). — The conversion of .?-tetrachloro- 
ethsne into trichloroethylene may be effected by ammonia in 
aqueous solution provided that a sufficient time be allowed for the 
reaction. A mixture of equal parts of water and tetrachloroethane 
is treated in a vessel provided with a reflux condenser with a 
current of ammonia gas sufficiently violent to agitate the mass. 
The reaction takes place slowly in the cold, and is accelerated by 
beating at 60 — 70°; it is complete in two hours if the trichloro- 
ethylene is removed as it is formed by extracting it with an excess 
of ammonia gas and adjusting the temperature of the condenser 
iu accordance with this excess. The reaction may also be con- 
ducted in an autoclave by heating two parts of tetrachloroethane 
with two parts of an aqueous solution of ammonia (D O' 91) at 
UO— 1/0° for three hours. The use of aqueous ammonia is simpler 
and more economical than that of alcoholic ammonia, and the yield 
of trichloroethylene is 92 — Of/o of the theoretical, J. F. B. 

Vapour Pressure of Tetranitromethane. Alan \V. C. 

ihNZiES (J. Amer. Chem.. iVor., 1919. 41. 1336 — 1337). — The 
vapour pressure of tetranitromethane has been determined by a 
datic isoteniscopic method, previously described (A., 1910. 
ii, 1036), over the temperature range 40 — 125' 7°. The following 
values were obtained in mm. of mercury: 40°, *26'6; 45°, 34*4; 
50=. 44'2; 55°. 56*1; 60°. 70*6; 65°, S8'l; 70°. 109; 75°, 134; 

164; 85° 199; 90°, 239; 95°, 286; 100°, 339; 105°, 400; 
110'. 470; 115°, 550; 120° 640; 125°. 743; and 125'T° 760. 
Using the vapour-pressure curve in the way suggested by Hille- 
Wi (A., 1915, ii, 416), the value 13 9 is obtained for the entropy 
VOL. CTVT. i. y 
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of vaporisation divided by R at tbe temperature (70®) at whicii 
the concentration of the vapour is 0*00507 mol, per litre. Assum. 
ing that the vapour is normal, this would indicate slight, if any 
association or abnormality in the liquid at this temperature. 

. J. F. S. 

The Oxidation of Ethyl Alcohol by means of Potassium 

Permanganate. William Lloyd Evans and Jesse E. Daj 
(/. Amer. Ch^m. Soc., 1919, 41 , 1267 — 1285. Compare A., 1916^ 
i, 362). — The series of experiments described in this communic^i. 
tion are designed to elucidate the following points; (1) the nature 
of the products formed when ethyl alcohol is oxidised by neutral 
or alkaline permanganate at different temperatures; (2) the efiect 
of changing the temperature and altering the initial conceutra- 
tion of alkali, and the combined effect of varying these factors* 
(3) the mechanism of the oxidation. The analytical methods are 
fully described, and a simple apparatus is illustrated in the text 
by means of which clear samples of the fdtrate from the oxides 
or manganese can be obtained without exposure to the carbon 
dioxide of the atmosphere. In the experiments, just sufficient of 
a 9*21% solution of alcohol was added to 30 grams of 100% per- 
manganate dissolved in 1000 c.c. of various solutions of potassium 
hydroxide to cause reduction. 

The results are reproduced in a set c. curves, as follows ; (A ) The 
weights of alcohol required to reduce a constant weight of per- 
mangauate at 25®, 50®, 75®, and 100® are plotted against the 
different concentrations of alkali, and the curves show that lieyod 
a concentration of about 100 grams per litre, the proportion of 
potassium hydroxide is immaterial, whilst up to this point both 
increase of temperature and increased alkalinity accelerate the 
reduction. {B) The quantities of the oxidation products, acetic, 
oxalic, and carbonic acids, given by 0*1 grani-mol. of alcohol are 
plotted against concentrations of alkali for the four diffeiem 
temperatures. In neutral solutions the sole product is acetic 
acid, and in the exjmrimeuts at 100® it is still only acetic acid a= 
long as the concentration of alkali is less than 0*461 gram per litre. 
With the increase in the amount of i)otassium hydroxide, however, 
up to the raax'imum effect (100 grams per litre), the productkm of 
acetic acid diminishes and that of oxalic acid and carbon dioxide 
increases. (C) The quantities of the three oxidation j>roducts are 
separately plotted against alkali eoiiceutrations for the ff'Ui 
temperatures. With increase of temperature, it aj)]>eai*s that the 
yield of acetic acid fall?, and the rpi ant dies of oxalic add and 
carbon dioxide increase. 

Another set of curves shows the connexion between the 
logarithms of the quautitics of acetic acid produced and the 
logarithms of the iiutial concentrations of potassium hydroxide. 
These cuA’es may be reproduced liy the equation y where 

y is the concentration of the acetic acid, is the concentratioa of 
the alkali, a is the tangent of the line, and H is a constant, vrheiice 
log y = log 6* log X . From the values of B and a lor the four 
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temperatures, it is possible to calculate the maximum concentra- 
tion of alkali which will still permit of a theoretical yield of acetic 
acid. These are as follows: 

Tempeiature 25® 50® 75° 100° 

KOH, grams per litre... 2-55 M9 0*655 0*460 

Thkt is, it is possible to obtain acetic acid only, no matter what 
the temperature, if the concentration of alkali is kept below these 
limits. On the other hand, if the tangents of the acetic acid log. 
curves (the above values of a) are plotted against temperature, a 
straight line is obtained which, if continued, meets the point at 
which « = 0 on an axis of Y corresponding with - 25® ; this mean? 
that below this temperature the yield of acetic acid would be 
quantitative, no matter what the concentration of potassium 
hydroxide. 

The mechanism of the formation of oxalic acid and carbon 
dioxide is discussed. The experiments support the views of other 
workers, namely, that the oxalic acid is not formed from acetic 
or formic acid, but from a derivative of acetaldehyde. 

J. C. W. 

The Temperature of Critical Solution of a Ternary 
Mixture as a Criterion of Purity of n-Butyl Alcohol. The 
Preparation of Pure ^iButyl Alcohol. Kennedy Joseph 
pREviTK Orton and David Charles Jones (T., 1919, 115, 
1194—1203). 

The Preparation of a/S-Dichloroetbyl Ether. E. A. 

WiLDMAN and Harold Gray (/. Atner, Cheni. Soc., 1919, 41, 
1122 — 1123). — Dichloroethyl ether 3 nay be obtained by the direct 
chlorination of ethyl ether (Fritsch an*d Schumacher, A., 1894, 
i, 485), but the operation is accompanied by two risks: (1) If the 
liquid is not well cooled at the outset, and the chlorine is admitted 
too rapidly, explosion may be caused by the inflammation of the 
ether vapour. This risk is lessened when the liquid is saturated 
with hydrogen chloride, and then the operation may be carried 
on rapidly. (2) Hydrogen chloride seems to form a super- 
saturated solution in ethyl ether, which may suddenly break out 
like a geyser; to obviate this, continuous, rapid agitation is 
necessary. 

In order to get a pure product, b, p. 66 — 69®/ 45 mm., chlorin- 
ation must be stopped when the density is 0*96, Starting with 
800 grams of ethyl ether, this point is reached in about eighty-two 
hours, and the yield is about 375 grams. J. C. W. 

Action of Metallic Hydroxides and Oxides and Al ka li ne- 
)arth Carbonates on Methyl Sulphates. J. Guyot and L, J, 
Simon {Compt. rend.^ 1919, 169, 534 — 537).— The behaviour of 
methyl sulphate in the presence of alkali hydroxides or alkaline 
earth oxides, hydroxides, or carbonates, depends to a large extent 
on the experimental conditions. 

Sf2 
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Witt potassium hydroxide in equimol^ular proportions in 
methyl-alcoholic solution, methyl sulphate gives an almost quanti- 
tative yield of potassium methyl sulphate. A similar reaction 
occurs with calcium or barium hydroxide m the presence of a 
large excess of water. On the other hand, methyl 
be distilled unchanged from barium or calcium oxide. With 
barium or calcium hydroxides in the absence of water, the action 

is Me,S04 + M(0H)a=MS04-)-Me,0-hH,0. , 

With cuprous, lead, mercuric, or silver oxides the action is, for 
example, Me.,S04-t-Cuj0 = Cu2S04-l- Me20. , , „ „ „ 

Methyl sulphate may be distilled unchanged from a small 
amount of an alkaline earth carbonate, but if kept at 140 for 
some time in the presence of the carbonate, it is decomposed accord- 
hig to the equation Me-.SO, MC0a=MS04 -t CO, -h Me^, the 
reaction being slow. 

The „AcUon of Stannic Chloride Methyl S^plmte. 

Ch. Bol’lin and L. J. Simon {Compt. retuL, 1919, 169 618 620)^ 
-stannic chloride acts on methyl sulphate in two stages which 
may overlap, methyl chloride being, in each case, the gas liberated. 
If the action takes place at the ordinary temperature, it is reprc 
seuted by the equation SnCl, + 2Me,.S04 = 2MeCl+ SnCl^CSO^Me 
the methosulphate of stannyl chloride being obtained as a white 
amorphous solid. At higher temperatures this compound is 
decomposed, giving stannic chloride, 

^ SnCl,(S04Me)., = 2MeCl-i-Sn(S04)2. 

The use of an excess 'of methyl sulphate does not modify the sense 
of the complete reaction, but seems to favoiir the second stage. 

The methosulphate of stannyl chloride is decomposed by 
pol":.™ h^X'^eide. giving st'annic hydroxide, potassium chlonde, 
and potassium methyl sulphate. 

Methionic [Methanedisulphonic] “Vo HeSc 

I 'GiCTHml B v«, », Dok^ Dii.m 

HORST E Kixderm.vxn, Emmv Schuoeter, and 0. Cxre^ 
(.l«nn/r»,'l919, 418, 161-2.r7). Portions of this paper hare 

^ f salt trii 1 k lo of acid). The presence of phenol among 
1 t^-^rlcts. recorded by Berthelot m 1869 has been confirmed, 
and an explanation of its formation is ^ 

S Jd^rrex1e“:r«^:r'^o:t synthetic uses similar 
%“n1rrtht method of preparing mejyl m£ane 

S‘&g.^r it,tisira. 
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been obtained in flattened neSdles, m, p. 28 — 29°. An attempt to 
prepare the benzyl ester from the silver salt and benzyl chloride 
in boiling benzene resulted in the formation of hydrogen chloride 
and diphenyl methane, the silver salt acting (so also does silver 
sulphate) simply as a catalyst. 

Alkyl methanedisulphonates can also be prepared from alcohols 
and methanedisulphonyl chloride, but the method is not a suitable 
one, because, unless the violence of the reaction is moderated by 
the presence of a suitable diluent (ethyl ether), the resulting esters 
decompose into methanedisulphonic acid and ethers. The ten- 
dency of alkyl methanedisulphonates to decompose into methane- 
disulphonic acid and ethers (Sehroeter and Sondag, A., 1908, 
i, 497) has been utilised in the preparation of heptyl ether, b. p. 
j 26 — 127°/ 8 mm., 0*8056, from heptyl alcohol and methane- 

disulphonyl chloride at 145°, of di-^-phenyJ ethyl ether, 
(CH.Ph-CH,).0,' 

b. p. 175 — 176°/8 mm., 1*0178 (a little styrene is also formed), 
from jS-phenyl ethyl alcohol, and of cyc/ohexeiie from cydohexanol 
in a similar manner. Aryl methanedisulphonates, on the con- 
trary, are very stable compounds, and must be heated with a con- 
centrated solution (50%) of alkali hydroxide to decompose them 
into phenols and methanedisulphonic acid. In consequence of the 
acidity of the methylene group between the two ‘SOjAr groups, 
the aryl esters dissolve in concentrated aqueous ammonia and in 
dilute solutions of alkali hydroxides. They resemble the phenols 
in their antiseptic and bactericidal actions. Phenyl methane- 
dkul plionate (meihionol), CHo(SO_.^Ph)o. prepared from methane- 
disulphonyl chloride and phenol (4 mols.) in boiling toluene, forms 
colourless needles, m. p. 82°; the rnlio- and yo/fw.«?Werivatives, 
CHNa(orK)(SOgPh) 2 , are crystalline, and the flrycrtfo-derivative 
is a colourless powder. The (7/5rwjo-tlerivative, CBr. 2 (SOgPh)Q, 
forms colourless crystals, m. p. 58—59°, The o-, m-, and p-tolyl 
esters, CH.2(S02*0'C7H-).2, form crystals, m. p. 84°, 56°, and 84° 
respectively, whilst the (juahicn! and ratechol esters have m. p. 
90® and 190° respectively. 

Methanedisulphonyl chloride (Sehroeter and Sondag, foe. df.) 
has been obtained in two modifications. The liquid form usually 
obtained, m. p. 8°, 1’83I, is converted under conditions which 

have not yet been definitely ascertained into a second modification, 
long needles or prisms, in. p. 36—37°; the liquid form is con 
verted into the solid by inoculation with the latter, and the solid 
form is converted into the liquid by wanning above the m. p, 

Methanedisulphonyl chloride reacts abnormally with dry 
ammonia in chloroform solution and with diethylamine in ethereal 
solution, the products in botli cases being, not the expected amides, 
hut mixtures of substances the nature of which has not yet been 
ascertained. The reaction with aniline (4 mols.) in chloroform or 
heczene solution, however, is normal (Sehroeter and Herzberg, foe. 
oit.). MethatieduulphotW('efii/iifi(fe, CH,.(SOyNAcPh).,, m. p. 
196—197°, m€tkane.dUuIpho{iheh:anifidey m.p. 204 — 200 ^^^ methane- 
dkulyhonmethyf anilide, colourless needles, m. p. 141 ’o — 142*5°. 
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Tnethanedimlphonethylanilide, m. • p. 112 — 114°, methanedi- 
ndphonanilidoethylanilide^ CH2(S02,’NHPh)(S0a*NEfcPh), m. p. 
168°, methanedisvlfhonphenetidide, CHaijSOg’NH-CeH^'OEt)^, 
m, p. 221°, End its mtthyl-, m. p. 132 — 133°, ethyl-, m. p. 

141 142°, and aceto-phenetidides, ra. p. 155°, methanedisnlphon- 

p^mtroanilide, yellow needles, carbonising above 240°, and 
methan-edisulphondiphenylamide, CHo(S02*NPh2)2, P* 228^^, 

have been prepared. The preceding primary anilides are moder- 
ately strong acids forming sodium and barium derivative and 
decomposing carbonates, but anilides which do not contain the 
NH-group are devoid of acid character, being insoluble in aqueous 
alkali hydroxide solution. 

When a solution of phenyl methanedisulphonate m benzene 
saturated with ammonia is treated with an equal quantity of 
phenyl methanedisulphonate and the mixture is heated in a sealed 
tube for three hours at 130 — 140°, the a-mide ester, 

NH2-S0,’CH.2*SO3Ph, 

crystals, m. p. 161 ^ is obtained; the same substance is also 
obtained by heating phenyl methanedisulphonate and carbaniiide 
in a sealed tube at 140—160°. When a solution of phenyl 
methanedisulphonate in benzene supersaturated with ammonia 
is heated in a sealed tube at 140—145°, methaneduulphonawide, 
CH2(S0,‘NH.2)2, leaflets, m. p. 233°, is obtained; it forms mdium 
and barium derivatives and a monohenzayl derivative, leaflets, 
m. p. 216°. Methaneduulphonethylamide, CHo(SOo'NHEt).,. 
simili-ly prepared by means of a benzene solution of ethylamine, 
forms leaflets, m. p. 143 — 145°. 

Methanedisulphonyl chloride reacts normally with esters of 
amino-acids in cold ethereal or chloroform solution. Thus, ethyl 
glycine and ethyl phenylglycine yield, respectively, ethyl meiUiu- 
dimlph 0 nami noacetate , C H2( SO^* N H • C H • C O2E t ) .> . colon rless 
needles, m. p. 113‘6°, and ethyl methanedunlphonaniUnoaceiate, 
CH.,(s6.>*NPh-CH.2*C02Et)o, colourless needles, m. p. 109— UP; 
the former is soluble in dilute alkali hydroxides and in aqueoll^ 
ammonia, whilst the latter dissolves sodium or potassium with the 
evolution of hydrogen, and is hydrolysed by aqueous-alcoholic 
sodium hydroxide, yielding acio. 

CHo(S0./NPh-CH2*C02H)2, crystals with 2HoO, m. p. 110—112 


^ Methanedimlphonphenylhydrazide, CH2(S02*NH*NHPhV 

colourless needles, m. p. 118-119° (decomp.), me thane di- 

ndphonhenzoylhydrazide, CHo(S02*NH'NHBz).2, need^, m. ?• 
204—205° (decomp.), are prepared from methanedisulpnony 
chloride and phenyl- and benzoyl-hydrazine, respectively, m 
ethereal or chloroform solution ; the latter is soluble in aqueous 


alkali hydroxide. . 

By introducing alkyl, aryl, and acyl groups in the methyleue 
group, syntheses have been effected both with the ^tera ' 
amide derivatives of methanedisulphonic acid but the rep ^ 
ment of the methylene hydrogen atoms by metals, and consequ _y 
also the course of the synthesis, depend on the nature 0 
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fiidiclBs Sittfliclicd to tb.© SOn srouim TTia Tno^-Vi-rfi j i-t. i 
in ethereal or benzene solution rlact with thf alkalf meWs *wth 
hydrogen but the reaction becomes so sW before 

however, ethane-aa-dmdvhnnic uncertain course; 

,*«• »l mrthj] ,„i rtl,l Mu„_ 

methanedisuIpLnate to° which 

potassium had been jireviously added. Aryl esters of methane 
disulphonic acid form in aqueous solution stable salts with alkali 
hydroxides and with ammonia, but these salts, from some undeter 

“'"alirolif’ YV ® P«Po*es in aqtou • 

or alcoholic solution or suspension. When, hLever thr!^ 

WnTsobft "" indifferent solvent with sodium, and the 

'^'inhate O^ bi“’' ^“P^nfou is treated with alkyl haloid, methyl 

96 9/ , and phenyl hutane-HQ-dtf^ulphonate, an oil, have be^ 
also p-^o/v? ethnne-aa-dUnlphonate, crystals, m p 
Q?o’ -u V-^oJyl promne-l5(S-dLndpJionate, crystals m n 



derivatives of methanedbulV^ifaciU Any^sTh deliv^tiveZm 

tanung the NIT group is inadmissible, however Lau e s h sub' 

dances form metallic derivatives containing the NNa group and 
these lead to the production of .V-,substitnted derivatives^’ The 
most efficient synthetic reagents are the alkvlanilides 
„ CTT,,(SO„-NRAr),„ ' 

■nM^ methanedisulphonethyl. 
nhde. These substances in warm benzene solution are treatL 
With sodium or potassium, and the product is ytr-fi, ^ 

alkyl or acyl haloid. Bv these mea ns be rir" 

-hanedi.,phmi«id.^ .n^^ 

w replaced b% a methvl ijroup. tTivina CMf* OAfoTJ’f 1 ,^ 4 . 

if s 'ii* f.' pi 

etlmg. the sodium derivative? CTIXai'SO ♦VR Ar\ i -i.!. 

Ir CbT- from' th oonfaiiiiiig the group CHCl^CHBr* 

>e obuin^niit'Tot \'':£:::":r’!i7:rodfdS 

^<>m!ph<>neth,,Inmridr. OHMc(SO.,-NEtPh)„ prisms m p ^0° 
f^nt-aa-dnn}j,hnnfth,ili,he»eti<li,Ie. crystals, m. ii 9 o^qfi-ao’ 

prisms, m. p. 128 — 129 ° and 

I"?;,"'"/:*' CHE‘(f -;NEt'c„H,.OEtk^ ne;5les m,‘p‘’ 
<> 0-94 0 , ^‘■propai(-SS^ir^iiIp;,onefhv!,im!ide, ^ 

CH„:CH-CHyCH(pSO./NEtPh) 2 , 
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prisms, m. p. 120— 12P {dihromide, needles, m. p. 103— 

B-vheniilethane-aa-disulphonethylanilidey 

CH2Ph-CH{S02‘NEtPh)2, . , , 

prisms m. p. 104—106°, ^^-nHrophenylethane.aa-d%mlvhopethyl 
anilidi, pale yellow, crystalline powder, m. ?>ropa^- 

B$-disulphonethyUanilide, crystals, m. p. 130— 132 , and the 
-phenetidide, m. p. 109°, crystals, 

m p 114—116°, ^<^p€?lt€ne•hh-d^Sldphonethylanll^de, m. p. 107° 
(dihrimide, leaflets, m. p 100-102°), and a-phenylpropane-BB- 
dimlphonethylanilide, m. p. 96*5—97°, 

Phenyl henzoyhnethanedkulphoruite, CHBz(S03Pn)2, crystals, 
m. p. 96° and the corresponding \>tohjl ester, m. p. 91°, and 
' m-iolyl ester, m. p. 102°, have been prepared 

The following acyl derivatives of methanedisulphonethylamlide 
are described: fonn„h CHO-Cn(SO/Nl?tPh), needles, m, p. 

113 114°- acet.i/1. rhombic plates, m. p. 143 144 ; propionyt, 

needles, m. p, 129-130“; henzayl m. p. 118-119°; o-nifro- 
hmzovl, prisms, m. p. 148-149°; o-acetoxyhenzoyl, m, p, 
152-153°; mrhethotu. m. p. 111—112°; and tthnxalyl, 
CO.,Et-CO-CH(SO./NEtPh)., 

plates m p. 103—105°. ChloromethanedisidphonethylamUde, 
CHCl(SOo*NEtPh).„ needles, m. p. 97— 98°, the 6romo-derivative, 
needles, m. p, 167 — 168°, the ?o^?0‘derivativc. needles, decomp, 
150—170°, and ^f/('/i?orO-derivative, m. p. 109— 110°, are described. 

Unlike 'malonic acid, methanedisulphonic acid is very stable 
towards mineral acids, so much so that the Carius method is in- 
applicable to the estimation of the sulphur. The aryl esters and 
anilides of the dialkylated acids. C(Alk.)2(SO,H)o. are resistant to 
acid hydrolysis, hut are smoothly decomposed by alcoholic alkali? 
under pressure in the sense of the equations: (1) CMe.2(SO.jPh).i - 
5NaOH = OH'CMe>*SO;^Na ^Na.-,SO,-f 2Ph*ONa and 
(2) CMe.>(SO.,-NEtPh').2 f 3NaOH OH^CMe.-SO.^Na + 

'' " ■ 2rsriEtrn. 

Sodium i3-hvdroxypropane*j3-sulphonate thus obtained is not 
identical with the additive compound of acetone and sodium 

cTderiv^ives of aryl esters or secondary anilides of methane- 
disulpbonic acid are extraordinarily stable towards alkalis ; the 
latter class of compound is decomposed by heating with mineral 
acids in the sense of the equation CHBz(SOyNEtP ).2+ o 
CHjBz-SOjH + H,SO, + 2NHEtPh. h- 

Dehydration oi Formic Acid Solutions. D. C Jon« 
a Soc. Chem. Ind., 1919, 38, 362-363T).-It is shown that, n 
snite of previous statements to the contrary, phosphoric oxide nan 
be used lltisfactorily for the dehydration of 
of formic acid. The conditions to be observed are 
Uted quantity of phosphoric oxide nec^sary to wn 

the water present in the formic acid be added gra V' 
twre being well cooled and shaken during the addition^ Th 
formic acid is then distilled under 15-18 mm. pressure, and can 
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readily be obtained up to 99*5% strengtb. When excess of phos- 
phoric oxide is used, considerable decomposition of the formic acid 
occurs. 

The concentration of dilute solutions of formic acid is limited by 
the formation of a constant boiling mixture containing 77% of 
acid by weight and boiling at 107*1'^, The composition of the 
constant boilings mixture is found to vary to a considerable degree 
ivith the pressure, decreasing in formic acid content with diminish- 
ing pressure, until at 43 mm. it contains 60*9% of formic acid, the 
boiling point being It is therefore possible to obtain concen- 
trated from dilute formic acid by concentrating up to the constant 
boiling mixture at atmospheric pressure, and then continuing the 
distillation at low pressure, a separation into very concentrated 
formic acid and the more dilute constant boiling mixture being 
obtained. E. H. R. 

preparation of Anhydrides and Chlorides of Organic Acids. 

Xhomas Harold Durrans and A. Boake, Roberts <fe Co., Ltd. 
(Brit. Pat., 131379; addition to Brit. Pat., 128282).— Organic 
acid anhydrides or chlorides other than acetic anhydride or 
chloride may be produced by the action of chlorine on a mixture 
of phosphorus, preferably red phosphorus, and the alkali or 
alkaline earth salts of the organic acid, at temperatures preferably 
below 50®, and in proportions falling within those represented by 
the following pairs of equations for the anhydrides and chlorides 
respectively : 6R-CO.,Na + P + 3C1 - 3(R*CO)oO + NagPOg + 3NaCl 

and 8R*COnNa + P + 5C1 = 4(R‘C0).,0'+ Na^PO^ + oNaCI, 
3R*C0.,Na + P + 3C1 = 3R'COCl + Na^PO^ and 4R‘CO<,Na-hpT- 
jCU4R‘C0CUNa3P04. ' ' G.' F. M. 

The Action of Grignard Reagents on the Esters of certain 
Dicarhoxylic Acids. Harry Hefworth (T,, 1919, 115, 

1203 - 1210 ). 


Oxidation of Muconic Acid. Synthesis of Mncic Acid. 

Robert Behrend and George Heyer {Annalai, 1919, 418, 
‘294- -316). — Of the three configurative formulee possible for 
muconic acid, formula I is the most probable, since the only tar- 


COgH-CH 

HC'CH 

HC*COgH 

(L) 


HC-COgH 
HCCH 
CO.H-i H 
‘ (ID 


HC-COjH 

BC’CH 

HC^COgH 

(in.) 


aric acid produced by oxidation with permanganate is r- tartaric 
icid; formic, carbonic, oxalic, mucic, and other unidentified acids 
»re also formed, but the absence of f-tartaric acid is definitely 
ascertained. 

Mucic acid is obtained in yields up to 36’5% of the theoretical 
l>y oxidising a neutral solution of sodium muconate with sodium 
chlorate in the presence of a little osmium tetroxide and a few 

y* 



i. 522 


ABSTRACTS OF CHEMICAL PaI^ERS. 


drops of acetic acid (compare Hofmann, Ehrhart, and Schneider 
A., 1913, ii, 609), r-idosaccharic acid being also formed in about 
2% of the theoretical yield. The latter acid forms a characteristic 
copper salt, CgHg0sCu,2H20, microscopic prisms which become 
deep blue % prolonged heating at 120'^, and a phenylkydrazid^ 
CigH220gN4, faintly yellowish -white, crystalline powder, m. p’ 
217 — 218® (decomp.). . C. S. 

Reactions between Potassium Sulphate and Tartaric Acid 
under Various Conditions. Behaviour of Potassium 
Hydrogen Sulphate with Alcohol. Arturo Borntraeger 
[AnnaH Chim. Appl., 1919, 12, 1 — 23). — The readiness with which 
the system (K2SO4 + C4HgOg) is converted into the system 
(KHS04-f C4H5KOg) when evaporated with alcohol was shown by 
Bussy and Buighet {J. Pharm. Chhn., 1865, [v], 2, 8). When 
aqueous solutions containing equivalent quantities of potassium 
hydrogen sulphate and potassium hydrogen tartrate are evaporated, 
potassium sulphate and tartaric acid are first formed. On con 
tinuing the evaporation, potassium hydrogen tartrate is deposited, 
and this subsequently reacts with the potassium hydrogen sulphate 
in solution to form potassium sulphate and tartaric acid. Hence 
the two systems (K.2SO4 -f C4lIgOg) and (KIISO4 d-CJI-O^K) appears 
to behave in an identical manner under these conditions. When 
the evaporation is continued to the eud, a dry mixture of potassium 
sulphate and tartaric acid is obtained, whereas in presence of free 
sulphuric acid the residue would be moist. Absolutely anhydrous 
alcohol has no influence on potassium hydrogen sulphate, but 
alcohol containing a little water decomposes it slowly and partly 
into the normal sulphate and free sulphuric acid. On treating 
a dry mixture in equimolecular jiroportious of potassium sulphate 
and tartaric acid with ether or absolute alcohol, only the tartaric 
acid is extracted, but in presence of alcohol containing a little 
water, a partial reaction takes place, with the formation of 
potassium hydrogen tartrate and potassium hydrogen sulphate, 
and the latter is subsequently })artly decomposed into the normal 
sulphate and free sulphuric acid. Similar reactions are observed 
when solutions of the two substances in equimolecular proportions 
are evaporated prior to the treatment with ether, absolute alcohol, 
or alcohol containing a little water. [See also J . Soc. Cheni. Iml, 
1919, 839a.] , C. A. M. 

Cry8tallogT%phy of the Compound of Nickel Dichromate 
and Eihylrae^iamine, NiCr 207 r 3 C 2 H 4 (NH 2 ) 2 . Giuseppina 
Chiavarino (Itiv\m\n. criH. ItaL, 1917, 48, 82 — 85). — This salt 
is monoclinic; comblete crystallographic data are given. 

\ Chemical Absthacts. 

Crystallography Vof the Compounds of Nickel and 
Magnesium '‘TetreUxionate Octahydrates with Hexa- 
methylenetetramine C. Perrier {lUv. min. crist, Italy 1916, 
47, 22 — 30). — The salll of the formula RS406,2C6H 12^4,81120, 
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where R = Mg or Ni, are mouoclinic; complete crystallographic 
data are given. The isomorphism of magnesium and nickel in 
other compounds is discussed, and the closen^s of their molecular 
volumes is pointed out. Chemical Abstracts. 

Crystallography of Compounds of Lithium Mercuric 
Haloids with Hexamethylenetetramine. E. Quebcigh (Riv, 
0 in. crist. Ital., 1916, 47, 30—39). — The salt 
2LiCl,HgC]2,2C6Hi3Ni,8H20 

is iiionocUnic, the corresponding bromide triclinic, and the iodide 
rhombic. Full crystallographic data are given. 

Chemical Abstracts. 

The Melting Points of the Substituted Amides of the 
[Jormal Fatty Acids. Philip Wilfred Robbbtson (T., 1919, 
115, 1210-1223). 

Action of Alkaline Solutions of Bromine on Acid Amides. 

Odenwald {Annalen, 1919, 418, 316 — 341). — In the method 
previously described (Behrend and Odenwald, this vol., i, 70) for 
the preparation of acetylmethylcarbamide, the yield falls from 
1 ^% to zero in the presence of an excess (la — 20%) of alkali over 
the amount (1 mol.) required to react with the acetamide (1 mol.) 
and bromine (0*55 mol.). The cause of this has now been investi- 
gated. In a series of experiments, acetamide (1 mol.) was dis- 
solved in bromine (O' 5 — 2*0 mols.), and the solution was treated 
with a quantity of 18‘7% potassium hydroxide solution (1'2 — 4*8 
fflols.) 20% in excess of the amount required to combine with the 
bromine. Carbon dioxide, ammonia, and methylamine were 
detected in all experiments; the amounts of these and of unchanged 
acetamide, in the experiments with less than 1*5 mols. of bromine, 
account for 0*47 — 0*49 mol. of acetamide. With 1*5 mols. of 
bromine, acetylmethylcarbamide (0078 mol.) was detected, but 
aot acetamide, and in the experiment with 2 mols. of bromine 
seither acetamide nor acetylmethylcarbamide could be detected, 
and the amount of carbon dioxide formed corresponded with only 
fl'S mol. of acetamide. In all experiments, the balance of the 
leetamide was converted into products which could not be 
identified; the products were unsuccessfully examined for the 
presence of acetonitrile, methyl alcohol, hydrogen cyanide, 
^-dimethylcarbamide, and methylcarbamide, but very small quanti- 
ses of dibromomethylamine and of nitrogen (about 0*03 mol.) 
we detected. The author is of opinion that the methylcarbamide 
in alkaline solution reacts with acetamide either not at all or very 
ffluch more slowly than in acid solution; instead of forming acetyl- 
ffiethyl carbamide, it decomposes into carbon dioxide and methyl- 
amine, and the latter reacts more rapidly than acetamide with the 
typobromite. 

With the hope of obtaining less volatile products of reaction, 

behaviour of an alkaline solution of bromine with isovaler- 
has been examined. In an experiment with f«ovaleramide 

y* 2 
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(O’ 5 mol.), bromine (0*25 mol.), and 10% potassium hydroxide solu- 
tion ( 0‘6 mol.), the products were carbon dioxide (0*23 mol), 
dibromoisobutylamine (0*09 mol.), ammonia and isobutylamine 
(0*02 mol.); these and unchanged isovaleramide (0*32 mol.) account 
for the whole of the amide. The reaction proceeds according to 
the equation C 4 H 9 *CO*NH 2 +Br 2 + 2KOH ~ C 4 H 0 ‘NH 2 + COj 4 . 
2 KBr + H 20 , but the author has been unable to discover what is 
the fate of the isobutylamine. 

It is possible that a loss of acetamide occurs in the first experi- 
ments during the evaporation of solutions. One gram of different 
amides has been evaporated to dryness with 20 c.c. of water, heated 
on the water-bath for half an hour, and again evaporated with 
20 c.c. of water; the losses were, with acetamide 0*95 gram, with 
propionamide O' 36 gram, with isobutyramide O’ 10 gram, and with 
isovaleramide nil. 

It is quite immaterial in what order acetamide (1 mol.), isovaler- 
amide (1 mol.), bromine (1 mol.), and aqueous potassium hydr- 
oxide (2 mols.) are mixed together ; the products of the reaction 
are always the same, namely, about equal quantities (molecular) 
of ?-50vaIeryI/?obutylcarbamide and acetyl/sobutylcarbamide. 
together with a small quantity of acetylmethylcarbamide; it is 
remarkable that the fourth possible product, isovalerylmethyl- 
carbamide, could not be detected. Analogous results are obtained 
with acetamide and propionamide, and with acetamide and 
t.?obutyramide. 

Acetiih^ohuiplrarhajnifh^ C 7 Hj 40 .,N 2 , forms long*, six-sided 
leaflets, m. p. 109 — 114'^, and ace pro pijlcarh amide, hexagonal 
crystals, m. p. 68 — 72°, which become superficially oily after Ion® 
keeping. C. S. ° 

The Constitution of Carbamides. X. The Behaviour o! 
Urea and of Thiourea towards Diazomethane and Diazo 
ethane respectively . The Oxidation of Thiourea by 
Potassium Permanganate. Emil Alphonse Werner (T., 1919, 
115, 1168—1174). 

Some Cases of Solubility Influence. I. Compounds oi 
Thiosinnamlne [Allylthiocarbamide] Existing in Aqueous 
Solution. G. Bargellini {Gazzeilay 1919, 49, i, 175-191).- 
Cryoscopic investigation of solutions containing thiocarbamide or 
allylthiocarbamide. together with either sodium salicylate or 
resorcinol or antipyrine, leads to anomalous results which are ex- 
plainable on the assumption that compounds between the different 
pairs of solutes are formed in solution. None of these compounds 
has been separated in the solid condition. T. H. P. 

The Rotatory Powers of the Amides of Several a-Hydroxy- 
acids of the Sugar Group. C. S. Hudson and Shkjeru Komatsu 
(7. .4mer. Ohem. Hoc., 1919, 41, 1141— 1147).— The generalisations 
announced in an earlier paper, based largely on Weerman’s work 
(A., 1918, i. 292), have been amplified and extended by further 
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and more trustworthy data. The material examined makes it 
possible to calculate the molecular rotation due to each active 
carbon atom in a number of series by the method already employed 
in the case of certain phenylhydr azides (A., 1917 i 318) The 
following table gives the values as far as it is possible to deter- 
mine them the sign of the rotation being for the isomeride which 
has the hydroxyl group attached to the particular carbon atom 
placed to the right of the formula, written vertically with the 
amide group at the top. 


Carbon, 


4-C series 

Pentonic 

Hexonic 

diamide. 

amides. 

amides. 

4-7880 

4-4450 

4-4725 

— 

-2315 

— 1465 

— 

4-575 

4-95 

— 

— 

-205 


Heptonic 

amides. 

4-4585 

-1960 

9 

-420 


Hexario 

diamides. 

4-3925 

-1385 


The values for the and y-carbon atoms in the series of pentonic 
amides are probably untrustworthy, as they depend on a value of 
the rotation of rf-xylonamide which is doubtful 
It is interesting to note how the sign of the' rotation alternates 
from carbon to carbon, and how much the rotation of the whole 
molecule depends on the configuration about the a- and jS-carbon 
atoms. The table also illustrates the principle of optical super- 
position in the sugar group. ^ 

The amides prepared by the authors themselves, usually bv the 
action of ammonia on the lactones, are as follows, the ralues of 
[a]? being for aqueous solutions; if-galactonamide m n 

1’- — n2'5“, [a]!? +30‘2°; (/-glueonamide, m. p 143 1440 

[o]?’+31-2°; tf-giilonamide, m. p. 122—123° raP'l, 5 - 9 o’ 

./-mannonamide m. p. 172-173° [a]g« -17'3°; a-if-glucolieptmi- 

lo 8 °, [o]d -30*2 ; a-^/-galaheptonamide, m, p. 200^ fal^ -i- 14 - 3 o . 

1 s' 

The Amide of o-d-Mannoheptonic Acid. r. S Hudson and 
K. P. Monroe (./. d mcr. Soc,, 1919, 41, IHO^-n/l) 

.This amide was first obtained by Fischer by the action of hydrogen 
cyanide on ^/-mannose, but it is not easy to inirifv it if made in 
his way. A better method is the action of aininonia on a solu- 
tion of a-f/-mannohe})tono]actone in 50% alcohol. o-d-J/.mno- 

(annexed 
formula) has m p 
193 -194° and [a]^‘ 
4-28-0°, the niolecular 
rotation being almost the 
; 1 ^ same as that of r/-galacton- 

oni which (lie configuration of the mole- 

p with regard to the o-, j3-, and y-carbon atoms is the same 

J. 0. \V\ 


H H OH OH 
0H-CH,-C— C — ;• — C- 
OR OHH H 


H 

-C'CONHo 

OK 
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Preparation of Cyanogen Chloride. W. L. Jbnnwqs and 
W. B. Scott {J, Amer. Chem. Soc., 1919, 41, 1241—1248).— The 

authors review the history of cyanogen chloride, and report that 
the most suitable reaction for its preparation is that of chlorine 
on an alkali cyanide. Water is necessary in this reaction, but its 
amount must be restricted, otherwise too much heat is developed 
and some of the product is polymerised. The best procedure is 
as follows. Finely powdered sodium cyanide is mixed with 2% of 
its weight of water and just sufficient carbon tetrachloride to pre- 
vent the mass from becoming pasty. The mixture is cooled to 
-5° and submitted to the action of a current of well-washed 
chlorine, so regulated that the temperature is maintained at about 
-3° The flask is connected with a calcium chloride tube and 
then a U-tube immersed in a freezing mixture, and when absorp- 
tion is complete, as indicated by a bubbler at the final exit the 
temperature is allowed to rise to 10°, and finally to 28°, so as to 
distil the cyanogen chloride; The crude product is usually of a 
yellow colour through dissolved chlorine, but this is removed by 
freezing or by leaving the liquid over mercury in a sealed tube. 
The yield is almost quantitative, and there are no risks of 
explosion. 

Pure cyanogen chloride is a colourless liquid, b. p. 13°/ 748 nun., 
m. p. -5° to -6°, and does not polymerise. The presence of 
traces of hydrogen chloride, however, induces polymerisation, and 
if suspected should be counteracted by treatment, with lime. 

J. C. W. 

Preparation of Cyanogen Chloride by Held’s Method, 

Ch. Mauguin and L. J. Simon {Compt. rend., 1919, 169, 
383 — 386). — Held's method for preparing cyanogen chloride from 
potassium cyanide and chlorine (A., 1898, i, 547) gives good results 
only if the proportion of zinc sulphate added is that required by 
the equation 4KCN + ZnS04=Zn(CN)2,2KCN + K2S04, a yield of 
80% being then obtained. Methods for controlling the purity of 
the product are described. T. H. P. 

Compounds of Univalent Nickel. II. I. Bellucci {Gazzetia, 
1919, 49, ii, 70 — 81, Compare A., 1914, i, 260; also Tschugaev 
and Chlopin, A., 1914, ii, 660). — The aqueous solution of red 
potassium nickel ocyanide, K2Ni(CN)3, prepared by gradual addi- 
tion of alkali metal amalgam to the aqueous solution of the yellow 
nickelocyanide, K.2Ni(CN)4, in an atmosphere of hydrogen, readily 
assumes the original yellow colour, oxidation being effected either 
by atmospheric oxygen, or by aqueous oxygen with liberation of 
the hydrogen, or by an oxidising agent such as hydrogen peroxide. 
The red solution may be preserved from appreciable oxidation for 
some days by^ employing boiled water in its preparation and by 
adding concentrated potassium hydroxide solution to the liqnid 
and covering the latter with a layer of light petroleum. 

Oxidation of the red nickelocyanide by means of hydrogen per- 
oxide in absence of alkali cyanide takes place according to the 
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equation, 4K2Ni(CN)3 + 2 H 2 O 2 = 3K2Ni(CN)4 + Ni(OH)o + 2K0H 
Furth^, when an aqueous solution of the pure, red nickelocvanide 
is boiled for some time in a reflux apparatus in a stream nf 
hydrogen, metallic nickel is precipitated, and the yellow nickelo- 
eyamdo remains m the solution, the proportions of the totarnieW 
111 precipitate and solution beinsf verv nearlv t /nAfii 11 

same reaction occurs, only far more slowly, at the ordinary 
temperature Such separation of metallic nickel from a compound 
of univalent nickel may be represented by the scheme 2Ni'— > 
Ml +Ni, and is analogous to the separation of copper from a 
cuprous salt with formation of a cupric salt, 2Cu' — >-Cu* + Cu 

T. H. P. 

Production of Aromatic Nitrocompounds. Fsrdinand 

Peeruchf. (Brit. 

Pat., ldia«2). Aromatic nitro-eompounds are prepared by pass- 
iiig oxygen, air, or ozonised air, preferably under pressure, into a 
mixture of the substance to be nitrated with liquid nitrogen per- 
f ° J temiierature being maintained at 

\-n°' Hol'n-*9TTVn according to the equation 

^o 04 ^ JI. 2 O + O - ..niSO-;, and iiit-tantly reacts with the aromatic 
compound, regeneratiucr water, and the cycle of operations is re- 
.peated untd the reaction mixture contains only the nitro-com- 
pound. nitric acid, and the excess of nitrogen peroxide used- the 
lad IS recovered by di.^tillation or by a current of hot air "ihe 
uitro-compound may then be isolated after neutralising the nitric 
acid, or it may lie further nitrated by treating the residual mix- 
liire with sulphuric acid. If necessary, the violence of the nitra- 
tion may be moderated by adding to the reaction mixture an inert 
diluent, such as carbon tetrachloride, before admitting the oxygen 

a. F. M. 


Preparation of Y-Monoalkyl Derivatives of certain 
Aromatic Compounds. AuTHtm Lapworth and Taevinbtein, Ltd. 

(Eng. Pat., 13‘d5nd).- Bcnzylidene derivatives of /i- substituted 
monoamines or of other monoamines of the benzene and naphthalene 
belies substituted bv indifferent groups in the nucleus, which either 
as amines or as alkylamines do not react with benzaldehyde in 
me presence of acids to form amino-derivatives of triarylmethanes 
are treated in the absence of alkali with alkvl sulphates or alkyl 
e^ers of benzenesulphonic acid. The products are hydrolysed and 
me d-Tnonoalkylarvlamine is separated from the mixture. 
Examples of the process are described in relation to the benzyl- 
laene derivatives of y^aminophenol. /Atoluidine, and l-bromo-2- 
•laphthylamine. The benzyl idene compound is dissolved in boil- 
iiig benzene, th^}>ure alkylating agent, such as methyl sulphate, 
IS added, and the mixture boiletl for some hours. The product is 
ydrolysed by the addition of hydrochloric acid and a little water, 
benzaldehyde and benzene are removed by distillation with 
steam, the A-alkylated base is liberated from the residue and 



i. 528 


ABSTRACTS O'F CHEMICAL PAPERS, 


separated from the other products irr any suitable tnauner f„r 
example, by conversion into the nitroso-compound. J. B. 

Preparation of Diphenylamine. Homer Rooem and E, J. ni- 

Pont DE Nemours & Co. (U.S. Pat. 1314o38).-The condensa- 
tion of aniline to diphenylamine is effected by heating the aniline 
in the presence of water and a catalyst consisting of ^j^^bstance 
containing bromine. 

S-Nanhthvlmethylamine. Giibbrt T. Morgan and Frederick 

pforEvANsV- 1919- 11^0-11^9). 

The Oxidation of Phenol Derivatives. Cyrid Normas 
HINSHEDWOOD (T.. 1919, 115. 1180-1188). 

Oxidation of Phenols by Gaseous Oxygen and the 
Catalytic Efiect of Metals. F. W. Skirrow (Canadian Chem J., 
1019 3 092—294) —The oxidation which takes place when 

o-cresol or a solution of cresol in benzene is brought into contact 
wiTh air or oxygen in the presence of copper was measured by 
TonLiing the tube containing the reacting substances with a 
mercury manometer and recording the rate of absorption by the 
Tall Tn pressure. It was found that there was an initial perio 
during which there was little, if any, absorption In a blank 
exTerfment in which the air in the tube was replac^ by nitrcgeii, 
^absorption occurred, and the cresol in the tube did not darken 
even af4 three years’ exposure to light. In ano her senes o 
Tperiments, the Lsk containing the benzene solution of cresol 
aS the copper was connected with a gas burette containing oxygen 
saturated with benzene over mercury, and the decrease in the 
volume was measured in the’ usual way Here, too, the initial 
Tela^n the absorption was noticed, and this was attributed e.the, 
to tL presence of a substance retarding the oxidation or to the 
necessity of the formation of a catalytic compound. In support 
luhe former view was the fact that the oxidation preceded more 
'■ fi^tlv when the oxygen derived from potassium chlorate was 

SuSf w ™«, ft..d I.O., .11 "I 

Green crystels containing 44'9% of copper (after drying at IM 
w^rprelent in the dark liquid after the oxidation As thi 
Tmount of copper does not correspond with the composition of au^ 
of the probable compounds, it is possible that the benzene ring 
hrnkeli during the absorption. A similar oxidation was observed 
?n the case o/phenol, but more slowly than with 
Too the initial stage of very s ow absorption was present |ee 
also 7. .W. Chem. M., 1919, 812a.1 C. A. M. 

Chloropicrin. I. -Tohn Addyman Gardner and Francis 

William W(T., 1919, 115, 1188-1194). 

CPTStallography of Ammonium Picrate Mid of 
TSnate* ftE^.RT E. Merw.n {J, Washington A^Jeu 
1919, 9, 429 — 431).— The orthorhombic crystals of ammo 
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picrate are tabular, acicular, or granular in habit. Optical con- 
stants are given; refractive indices (Na) a = l‘508, /8==1*872, 
1-908. There is a change in the optic axial plane for different 
colours, and at wave-length 541 p/i the crystals are optically uni- 
axial. Blades of potassium trithionate crystallised from a hot 
saturated solution show a slight variation in the angles of the 
prism. Optical constants are given; refractive indices (Na) 
,:=l-4934, j8=l-5641, y=:l-602. L. J. S. 

Mercury MercapUde Nitrites and their Reaction with the 
Mkyl Iodides. VII. Chain Compounds of Sulphur 

gjR Prafulla Chandra Ray and Prafulla Chandra Guha (T 
1919, 115, 1148—1155). 

The Electrolytic Reduction of Phenylacetic Acid. C. Marie, 

B, Marquis, and Birckenstock (Bull. Soc. ckim., 1919, [iv], 26, 
512 — 516).— -Phenylacetic acid can be reduced by electrolytic 
methods in a sulphuric acid solution, using a lead cathode. The 
yield is small, owing to a portion of the phenylethyl alcohol formed 
combining with the sulphuric acid and being subsequently oxidised 
at the anode. The only portion of the alcohol which escapes this 
destruction is that which, at the moment of its formation, corn- 
tines with the excess of phenylacetic acid present, W, G. 

Syntheses of Naphthyl-lactic and Naphthylcinnamic Acids. 
I, ^-Phenyl-;5-a-naphthyl-lactic Acid and ;8-a -Naphthylcinn- 
amic Acid, Rbmo de Fazi (Gazzetta, 1919, 49, i, 242—251),— 
^nenyl^-a-myhthyUaciic add, CioH;-CPh(OH)*CH2-COoH, 
obtained as ethyl ester by decomposing by means of acidified water, 
tbe complex, C]oH 7 ‘CPh{ 0 ‘ZnBr)’CHy*CO|,Et, formed by the inter- 
action of phenyl «-naphthyl ketone and ethyl bromoacetate in 
presence of zinc dust, crystallises in slender, colourless, silky needles 
of peculiar odour, m. p. 188 — 189'^, and with concentrated sulphuric 
icid in the cold gives a transitory, green coloration changing to 
reddish-brown. Its ethyl ester forms tufts of slender, white 
needles, m, p, 95—96^, and gives the same colorations with 
salphuric acid as the free acid. 

i-Q>-^'a}}hthyhinnamk add, Ci(,Hj*CPh.*OH»COoH, obtained as 
ethyl ester by dehydrating ethyl i8-pheiiyl-i8-a-naphthyl -lactate in 
benzene solution by means of phosphoric oxide, forms silky, white 
needles, m. p. 219 — 220°. With concentrated sulphuric acid it 
first gives a transitory, emerald-green coloration, and then dissolves 
lo a reddish-brown solution with a green lluorescence; on addition 
of water, the acid solution becomes yellow and yields a precipitate, 
which is probably the cot responding in done. The ethyl est«r 
forms a pale yellow oil, b, p, 278— -28I°/2 mm., or shining needles, 
fn. p. 69 — 71° ( ?), and with concentrated sulphuric acid gives a 
transitory, green coloration, rapidly changing to reddish-brown. 

T. H. P. 

ABymmetric Replacement in the me/a-Series. I, William 

uEiiRt Gouoh and Jocelyn Field Thorpe (T., 1919, 115, 
1155-^1164). 
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Some Factors bearing on 1 : B-Addition. Tenney L, Davis 
{J. Amev. Chem. Soc., 1919, 41, 1132 — 1140). — In all the cases in 
which, addition in the 1: 6-position has been observed, the un- 
saturated compound has also had an ethylenic linking in the 3; 4 . 
position (compare Straus, A., 1910, i, 119). The author has now 
synthesised the compound (I) without this disturbing element, but 
finds that it is abnormal in behaviour. When reduced, for ex- 
ample, it was expected to yield a ketone, thus : 

CHPh:CH*CHPh-CH2‘C:0 OHg— CO 

OH CHPh-CH-CHjPh’ 

(I.) 


but it could not be reduced either by zinc and acetic acid or sodium 
amalgam. 

Phenyl styryl ketone is condensed with methyl or ethyl malonat« 
(Kohler, A., 1911, i, 984), the esters are hydrolysed, and the 
ketonic acid is reduced by means of sodium amalgam. Two by. 
products of the reduction are mentioned, namely, ^S-dipheni^l 

valerolactone, 0 ^ |j^l>CHPb, needles, m. p. 113— 1140 ^ 

and $dii/dro;T)/-^^-diph t n ylh viane-aordicarh oxylic acid^ 
6H^CHPh*CH,/CHPh‘CH(COJJ)o.2H20, 
nodules of stout needles, m. p. 190—195'^ (decomp.), but the chief 
product is h-hi/droxy-^^-diphenyl valeric actd^ which crystallises 
with O'oH^O, in needles from benzene or pearly flakes from alcohol, 
m. p. 154 — 154 ’5'^. When boiled with acetic anhydride atid a 
little sulphuric acid, this compound changes into the desired ini- 
saturated acid, accompanied in one experiment by an 


ester, 0<C| 


CHPh'CHg'CHPh'CHj^CO^^. ^ 
•CH.-CHPh-CH/CHPh-^^’ 


CO' 


- 94 ^ 


p. 92- 

$B-DiphenyI-^ydiutene‘a~cnrhoxyUc acid (I) crystallises from 
benzene in colourless, rhombic needles, m. p. 124 — 125°, and forms 
a methyl ester, clusters of stout needles, m. p. 47' — 48'^, which 
reacts with magnesium phenvl bromide to form the carhimi, 
CHPh:CH»CHPh*CH,.‘CPh,-OH, in thin needles, m. p. 138--139° 

J. C, 


” The cycinPropane Series. V. E. P. Kohler andL.L. Steelf 
(J. Amer. Chem. Soc., 1919, 41, 1093—1105. Compare A., 191T, 
i, 566—570; 1918, i, 72 ; this vol., i, 404).— All the eyc/opropane 
derivatives described in the earlier paper's have had two carbo.xyl 
groups (or ester groups) attached to one of the ring carbon atoms. 
The authors have now attempted to prepare monocarboxylic acids 
of this series, but have encountered great difficulties before achiev- 
ing a measure of success. . 

In the first place, benzoylphenylcyc/opropanedicarboxylic acid 

loses carbon dioxide on heating, hut the yield of the nionocar 
oxylic acid is insignificant, no matter what modifications of t « 
treatment are tried (compare A., 1917, i, 566). 

A second scheme is based on the elimination of hydrogen hrorm c 
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ffom an o-bromo-ketonic ester. y-'p-Bromohenzoyl-^phenylbut^ric 
C6H4Br*C0'CH3-CHPh*CH2‘C02H, needles, m. p. 152—153'^, 
is prepar^ by heating the corresponding malonic acid (A., 1918, 
i 72), converted into the methyl ester, stout needles, m. p. 93®, 
and this is brominated. Methyl y^hroino-Y^-hrcrniohenzoyl’^- 
plienylhutyrate is obtained in two forms, chiefly slender needles, 
jn. p, 81-^2®, but also long, feathery crystals, m. p. 92®. When 
it is heated with potassium acetate in methyl alcohol, the product 
is not a cyclopropane derivative, but y-p-hromohenzoi/l-^-phenyl- 

Uiti/rolactonef , colourless needles, 


ju, p, 158®. The same lactone may be obtained by the action of 
sodium carbonate on y-hromo-y-p-hromohenzoyl-^phenylhutyric 
(0(1; C6H4Br*C0*CHBr-CHPh-CH2*C02H, m. p. 146—147®, this 
bein'' formed by the bromination of the above free butyric acid 
derivative. In addition, when this y-bromo-acid is warmed with 
phosphorus tribromide and bromine, it yields a compound which 
crystallises in large, rhombic crystals, like smoky quartz, and is 
probably represented by the formula 




CBrCHPh 


0 - 


-CO' 


>CHBr. 


The successful scheme is an adaptation of Buchner's method for 
preparing cyclopropane acids from pyrazolines. a ^-Un saturated 
ketones are condensed with ethyl d i a zo acetate to give ketonic 
pyrazolines, and these are heated. The chief product is a pyrone, 
hut a yield of about 40% of a cyc/oprojjaiie derivative may be 
obtained if the decomposition is carried out in the presence of 
’)latnium scrap. In the preliminary trials of this scheme, 
^bromophenyl styryl ketone was u.sed. When heated wdth ethyl 
liazoacetate at 95 — 175®, this yields an ester which may be hydro- 
ysed to 5-'p'hromobenzoylA-2)hcnylpyra:ole-3-carho.rylic acul; 

OPh*P*PO H 

^ , feathery needles, m. p. 216—217® 

'decomp. )j which changes at 245® into o-pdjromolicnzoyl-i-phenyl- 
m. p. 159®. If the reaction mixture is diluted with light 
petroleum, however, the product is the desired ethyl b-p-hromo- 
h'l -4- ph c. n ylpyraz off n c-3- co 0 (ryla t e , 


C,H4Br*C0-CH< 


CHPlrC-COaEt 

! I ^ , 

NH — N 


rbombic plates, m. p. 150-— 154® (decomp.). This loses nitrogen 
at 17U — 200®, changing into a mixture of <o-p-hrowophenyl~4:‘ 
pliftnil-l:2-pyrone, feathery crystals, in, p. 183®, and a trace of 
^-p-hromop/ien f//-2~phenyhy('^op>'op<7tie-\-carhoj'i/fate, needles, 
1>. 118— 119®. 


CgH.Br-CX 


0*CO‘CH 
CH— dPh 


COjEfCH< 


HPh 

H-CjHjBr 


In the main experiments, unsnbstituted phenyl styryl ketone was 
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used. This reacts ^'Thir^ryatXes'^fn 

5 -i<en 2 o.vM-?)Aeny!w/™' 0 ^ change when kept for 

hexagonal p ates m. p. ^^ 5^6 decomposition temperature into an 

some time just oe mo-n—lOS®. Both forms, in alcoholic 
isomeride, needles, m. p. — • hydrogen chloride, 

solution, give a vivid «d “ ^^'^^rature, the product consists 
When heated ^one at a Utes, m, p, 

almost entirely ^ i 220 — 225 °, a 37 % 

138 — 139 °, but 111 the u;ieuufcycloiwo 2 wne-l-cur 5 o!i:yfa(e is 

SOrand doe'Zrediice an acetone solution of permanganate, 

j ro as obtained by hydrolysis with 

The free aad, CO .,11 ^ . 

, a. r •aaww -hTTrlrnxide in the cold, exists m twc 
aqueous-alcoholic potassi p.jjgg m p n^°, and long threads, 

stereoisomeric forms, the mo?e soluble in benaene, and 

p. 147 - 150 °, the ™ 9 ^!l 94 o, when its silver salt 

yielding an isomeric e(M ester, m. p, o 

is treated with ethyl gglgf 

It is interesting to ‘ TaSoxylic acid and the 

Buchner’s ^-phenylcyo oprop ■ 

3.benzoyl-2-phenykyc;opropan^l^l dicarpo y ^ 

papers. The “^^eftot S Buchner’s acid is, quite^^^^^^^ 

wZ' Wt with hydrogen broiidde dmso^^^^^^ ^ 

“phenyl a-benzylidenecrotonolactoiie, thus : 


^CHPh 

COjH-CH<(^gg^ 


. ^CHiCPh 
CHPo*C^^q_^ 


* n u* 

(aee A.. 1917 , i, 566 h 1 

tions gives an unstable ^ ^ibenzylidenepiopio- 

131 - 132 °, ''hich changes above ■ P^j,^ggp„uding ester, ethit 

phenone. j “ / Irnmanate hexagonal plates, m. p- 

^ehloro-a-phemi(;!/l-^I>f‘f»!l I ^ , i^e'd most readily by the action 
68 - 69 °, is stable, and may be “htaincd mo. The 

of alcoholic hydrogen chloride ^ compound towards znv- 

cyclic ester .also behaves as un u, y.benzoyl- 6 -pheny| 

a^d acetic acid, el between methyl 3 -benzoyW- 

propionic acid. A great difference ^ 1 .dicarboxylate, 

pheiiylcyrfopropane^hcar towards basic agents The latter 

however, lie? m their > the carbon atoms 1 . 

are most easily ruptured hetween^^th^^^^^^^,^^^^ of 

the new esjer is mdiffe . found, 

cllecting the same opening o * 5 ®g:‘"fi.oroi.sly with ethyl tore 
fii-Xitrostvrene also reacts ^ ^ Inses nitrous acid 

acetate but the primary A ethyl A'phenyhy^^^’^l^: 

readily that it changes ^poutaneoiis y \be corresponding ut"' 

^carho^ylate, plates, m. p. lb 4 -ioo , 
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CHPh 


41 

( 11 .) 


COPh 

C(\H 


CHPh- 


(III.) 


COPh 

COPh 


CPhlCH 

C 02 H*C^j^ — m. p. 252 — 253°, changes into 4-phenyl- 
pyrazole when heated above 250°. J C W 

The c^ZaPropane Series. VI. E. P. Kohler and W. N 
Jones (/. Amer. Ckem, Soc., 1919, 41, 1249—1263).— In the last 
paper (preceding abstract) a comparison was made between the 
propertiw of the eye opropanedicarboxylic acid (I) and the ketonic 
acid (II> The diketone (III) has now been synthesised and 
studied in tne same manner. 

(I.) 

Benzylidenediacetophenone (Kostanecki, A., 1896 i 656) reacts 
with bromine in slightly warmed chloroform to give two products 
according to the proportion of bromine, namely, ^•bromo-ay^-tri- 
pkenflpentane-a€-di07ie, COPh-CHBr-CHPh-CH^-COPh m. p. 
131 ° and ^-dihromo^ay^-triphenylpenta^^^ 

(decomp ). Both substances may be converted into 
l:2-rfi&e«2oy/';3-pA^ny?cyclopropane, the former by treatment with 
sodium ethoxide solution, giving a modification which crystallises 
m needles, _ m p. 116°, the latter by boiling with alcoholic 
potassium iodide, giving an isomeride which has m p 151 ^ 
ckng^ into the form with m. p. 116° on crystallisation from 
»lcohol containing 1% of sodium hydroxide. Both forms of the 
diketone yield the same mono3:ime, m. p. 144°, and dionme 
needles, m. p, 175°. ’ ' ■ 

The diketone ia remarkably sensitive to reducing agents. When 
boiled with moist alcohol and zinc dust, it forms the p'arent benzyl- 
idenediacetophenone, the ring being opened at the point where it 
was originally closed. 

Unlike the ketonic acid (II), the diketone does not react with 
ilcoholic solutions of hydrogen chloride or bromide. With glacial 
.cetic acid solutmns, however, it behaves like other o/c/opropane 
lenvatives described in this series of papers, the ring being opened 
»tween the carbon atoms 2 and 3. The resulting 1: 4-diketone 
ten loses water and changes, as usual, into a fiifaii derivative, 
liras, with a solution of hydrogen bromide, the product is 2 : 5-(fi- 

■^mylMromohemylfumn. , greenish-yellow 

prisms, m, p. 110°. This is capable of yielding a number of 
reactive jubstances, through which it may ultimately be converted 
■flu 2 . 5-diphenylfuran, and thus identified. With pot-assium 
mate and acetic acid, for e.\am])le, jt forms 2 xb-di phenyl A-a- 
^J^yhtnzylfuran, yellow needles, in. p. <S4°, which may be 
yarolysed by alcoholic hydroohloiic acid to \ h-di phenyl A-a- 
^^Oii^yhenzylfuran, This may also be obtained by the action of 
Uim methoxide solution on the bromobenzyl compound. It 
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crystallises in needles, m. p. 105°, and may be oxidised by chromic 
acid in cold acetic acid solution to a 'product^ C 2 sHig 03 ,H 20 , m. p. 
89°, which readily loses IH^O at 110°, or 2 H 2 O when boiled with 
alcoholic potassium hydroxide, methyl-alcoholic hydrogen chloride 
or acetic anhydride and sodium acetate, giving ^henzoyl~2:^ 
diphenyl furan, which crystallises in yellow needles, and forms a 

3- 5rowo-conipound, m, p. 120°, when treated with bromine in 

chloroform. The o^me of the benzoyl derivative crystallises in 
rosettes of needles, m. p. 174°, and readily undergoes the Beck- 
mann transformation to 2 : ^-diphenylfuran-i-carhaxyJanilide 
^ .cPh:c-co-NHPh , , ; 

^^^CPh'^H ’ colourless needles, m. p. 187°. This is 

hydrolysed by alcoholic potassium hydroxide to the known 2:5- 
diphenylfu ran- 4 -carboxylic acid, m. p. 217°, which changes into 
2 : 5-diphenylfuran when distilled with zinc dust. 

The cyclic diketone reacts with Grignard agents without rupture 
of the ring, giving ditertiary alcohols. Z-PhenylA : 2-di-diphenyl 

carhinokyolopropcme, crystallises in clusters 

of slender needles, m. p. 183°, and 3-pheny!-\ :2-di-a-2}hemjl-a-ethyl^ 
carbiiiolcyQlopropane has m. p. 129°, 

The diketone reacts with phosphorus pentachloride in boiliug 
benzene to form ab-dichli^ro-y-henzoyl-a^-dipheiiyl-y-hutene, 
CHPhCl*CHBz‘CH!CPhCl, m. p. 122°, which is transformed into 
a-chloro-y-benzoyl-aB-diphcnyll^^y-buiadienc, prisms, m. p. 84^^, 
when boiled with methyl-alcoholic potassium acetate. The latter 
compound reacts with magnesium phenyl chloride to give a-chhro- 
y-benzoyl-aSS-tripkenyl-y-butene, CHPho’CHBz'CHiCPhOl, in 
large, colourless prisms, m. p. 140°. 

The action of bromine in warm chloroform on the cyclic diketone 
is somewhat obscure, but the product^ C23His02Br2, m. p. 129° 
(decomp.), is isomeric with the dibromide obt^iined in the first 
instance from benzylideiiediacetophenone, since it yields the same 
compounds when treated with potassium iodide or alcoholic 
potassium acetate. In the latter reaction, the product is either 
2-hromo-\\2-dihemoyl-Z-pheniil<iy<^\opropane^ needles, m. p. 122°, 
or 2-acetoxy-\'.2’<}ihenzoyl-2t-phenyiQyc\opropane^ m. p. 159°, 
according to the proportion of potassium acetate employed, The 
latter could not be hydrolysed to the hydroxy -derivative. 
Alkaline agents give oily residues, whilst treatment with alcoholic 
hydrogen chloride results in the formation of 2-6enzoy/-3:5- 
diphenylfuran, which crystallises in plates, m. p. 118°, forms a 

4- 6romo-derivative, m. p. 110°, and may be reduced by means of 
zinc and acetic acid to Z:Miphenyl-2-b€fizylfuran, bright yellow 
needles, m. p. 193°. The oxime of the benzoyl compound, m. p. 
152°, suffers^ the Beckmann transformation to 3 : b-diphenylfurafi- 

UarhoxyamMe, JnJf^.co.NHPh’ P’ “'J 

be hydrolysed to % \ ^-diphenylfnran‘2-ca^hoxylic acid^ m, p. 194° 
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(deoompO- TWs acid yields the known 3 : 5-diphenyl£uran when 
distilled with zinc dust (Engler and Dengler, A., 1893, i, 512). 

’j.’ C. W. ■ 

Condensation of Ethyl Phthalate with Fluorene. Wilhklm 
W isLiCENUS and Peter Neber {Annolen, 1919, 418' 274 -293) 
_A mixture of fluorene (1 mol.), sodium (1 ’atom), and ethyi 
phthalate (about I* 14 mols.) is heated on the water-bath until the 
sodium has disappeared, and is then treated, after cooling, with 
beuzene and ice, whereby the derivative of ethyl flu’orene- 

phthaloylate (o-carbethoxyphenyl fluorenyl ketone), 


CO,EfCeH,-C(ONa):C<?‘“^ 


•Csh; 

yellowish-white needles with 5 H 2 O, is obtained, which is remark- 
ably stable to boiling dilute alkafi hydroxide solution. In aqueous 
solution it is decomposed by carbon dioxide or dilute hydrochloric 

acid, yielding the a-modification, COoEt*C(.,HpC(OII):C<^9^^^, of 

^carhethoxy phenyl fluorenyl ketone, microscopic prisms, p. 
217—218®; lower m. p.'s, dependent on the method of crystallisa- 
im, are frequently obtained in consequence of partial conversion 
into the ^-modiflcation , The a-modification docs ?iot react with 
ferric chloride, but it decolorises bromine in alcoholic solution and 
forms a copper derivative, (C 23 H,; 03 ) 2 Cu.lL 0 , bluisli-green needles, 
m. p. about 180®; by bromination in chloroform in'^the presence 
of a little phosphorus pentabromide, it yields o-carh ethoxy phenyl 

Uromofiuorenyl ketone, COoEt’CeH^-CO-CBr^^^^^, colourless 
prisms, m. p. 190—191°. ** ^ 

By keeping for several weeks, the a-modification chan^eQ into 

an. "" 


the stable ^-modification, COoEt-C.H.'CO 


.CH<J 




colourless 


Wets or prisms, m. p. 140 -141°, The chajige is ejected more 
rapidly by distillation in a vacuum, by heating at 220®, or most 
amply, by boiling with alcohol. The conversion o£ the into the 
B-modification is effected, through the sodium derivative, by means 
ot alcoholic sodium hydroxide solution. The ^-modification does 
Mt form a copper derivative and does not react with bromine in 
acohohc solution. Both modifications are remarkably stable to 
akahs; they are only decomjiosed by an excess of alcoholic alkali 
* n V alcohol, alkali phthalate, and fluorene. 

By heating above 220°, by distillation in a vacuum or, best, by 
teatmg with potassium hydrogen siiljihate at 230°, either modifi- 
cation is converted into phth/ih/lfhiomie, yellow, flattened needles, 
p 204—206°. To this substance is ascribed, not the indanedi- 
oQe lonnula, but the asymmetric constitution, 
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posSJn'by Sfinto 

Huorenyl ketone), CO,H-CeH,.CO.CH<Jy, colourless crystals. 

^ 1QQ iftoo ('vellow dhotassium salt, C2iHi208K^)> its 

anhydrous potassium acetate at 200 — ^ 

The hydrande, NH,.NH.CO.CeH,-CO-CH<^y, glassy plates, 

m tne usual af 190 "^ and then resolidifies. ^\lien 

£ttf for haU*an hour at 220“, iUs converted mto l-fluorenyl , 

.HiUlaeone, 

Phthalylfluorene is reduced to o-fluorenylmethylheneo,c aod, 
9 *^<>CH-CH,-CeH.-CO,.H. groups of faintly yellow needles, m. p. 
SI1860, by heating with fuming hydriodic acid and amojphou. 
phosphorus at 160 ° for eight hours. 

Method lor the PreparaUon 

?nMHde^?2‘lt)Tnrcarbamld; (1 “»’•) 

faTong-nUed A-k reaejon com.en.^^^^^^^ 

the temperature rises to loO ^itn solidifies suddenly. 

At the end of the reaction ^ed wTt h a small quantity of 

When cold the porous pure phthalimide m. p. 

23I-2T10 tli: jilu b"e?n?90%^r more of the amount required 
by the equation 

2C.H.<C2>a + NH,-CO-N H, = 2C,B.<^NH + 00, + H,0. 

A similar reaction takes place between Ji^arbamjde^^ 
anhydride, but not between carbamide and succinic , 
Sonic anhydride, or camphoric anhydride. W. 

PhthaUc Acid Derivative.; 

XVII. Trtrabromofluorescem, Teteabrom ,„d 

of their Derivatives. Uiq 41 1293 - 1297 ).- 

A. W. Hawey ( 7 . Amer. Chem. Soc., 1 , » 

Compare the analogous ' iu aWali hydroride^ 

Tetrabromofluorescem, C.,uH805Br„ disso precipitated as a 

with about the same colour as "^u this is 

yellow hydrate on the addition of an acid, vinen 
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a steam-oven, the brick-red, quinonoid form of tetrabromo- 
iluorescein is left but this changes into the yellow, benzenoid form 
when wetted with acetone or ethyl acetate. The hydrate changes 
into the very pale yellow teirahTomofluor€Sceincar}yinoh.arhQXvlic 
acid when treated with alcohol, thus : 


t!0<cS(OH)>°<C,B^C(OH), 

°0<C;H:(OH)>C(OH)'CoBr,-CO,H. 

Anhydrous tetrabromofluorescein forms a bright red diammonwm 
salt and a colourless diacetate, and reacts with bromine to give 
odahromofiiioresceiii (tetrabromoeosin). This is almost colourless 
but so sensitive to alkalis that it is generally faintly pink. It 
dyes silk an at^active pink shade, and forms a diacetnte, crystal- 
lising with ICgHg, and a tetra-<nnmoniu7n salt, of a brilliant deep 
bronze colour, probably represented by the formula ' ^ 




J. c. w. 


Derivatives ; Constitution and Colour. 
XVI. Phenoltetrabromophthalem and some of its Deriv- 
ative. David S. Pratt, P. B. Doane, and A. W. Harvey 
iJ.Amer. Chem. Soc., 1919, 41, 1289—1293. Compare A. 1918 
,167—172 175 177^ 540— 541). -Tetrabromophthalic anhydride 
(iM, o40) condenses with phenol in the presence of fuming 
suphuric acid (15% SO3) to form tetrahromofluoran, ConHcOoBr., 
colourless crystals, insoluble in alcohol, and a 75% yield of IhenoJ. 
Mrahrnm.ophthM^^^ C,oHj,0,Br„ which is nearly white gives 
colourless solutions in most solvents, is indifferent to ammonia but 
very sensitive to alkali hydroxides. The phthaloin yields a colour- 
less crystalline dmc€taie, dihenzoate, and dimethyl ether and may 
be bromin^ed JP boiling alcohol. TetrnhroinophenoJt’etrahvomo- 
C2oH604Brg, forms very pale yellow crystals, dissolves in 
alka i hydroxides with a brilliant blue colour, reacts with ammonia 
ps to give a turquoise-blue dxnninoniwi salt, and yields a colour- 
less and d^benzoeite, which both crystallise with one mo’e- 

ralar proportion of benzene. ' J C W 

The Qmone-Phenolate Theory of Indicators. The Re- 
Ptenolsulphonphfhalein and its Bromo- and 
w denvativM, and their Monobasic and Dibasic Salts. 

S L In- Aoree, it is held that the pro- 

when a. 1 “ “1 phenolphthalein does not begin 

actone ring is opened, but when quinone-phenolate ions 



i 638 abstracts of chemical papers. 


whieh™^ cobulli’ ^ori^cKrd«k thus: 

OH OH „ TT .Q 

() () ■ 

\/ and 

\\// -> ^C.H,=0 

)$o 

|00 (Coloured.) 

salts has now been established I 

The existence v^^u^iialein and it is also shown that 

in the case of addition of alkali which tend to 

other factors than the 

ir "rirai orihe indicator, operate to cause intense colour 
^Tthe p.oduction 

hydrolysed by means ^ d| t^ J ammonium 

oOO c.c. cone. IICl, 6 ( allowed to crystallise after con- 

hydrogen C,nely powdered, thoroughly 

centration (to 600 c.c.). - ^ heated for a few hours, when tht 

wetted with thionyl chlon e, -■ reduced pressure and the 

excess of reagent rs with benzene. The pure 

residual cake is broken up and ext^ 130-135» for 

,,-sulphoben7.oic anhydride ^ reinoved in steam, the tcsi- 

l\'irdbsot:^nal£uhydro’xide filtered, and the phenolsulphou- 
phthalein is precipitated ^^y an aci . 

Phenolsulphouphthalem (hs 0 VO. m bo^l^ grange-coloured 

of about 0-03 gram per 100 c.c. Lne some u 

since it contains the free qiimonou ^ ^tr^ak appears 

tion of pure sodium : ' d is not permanent until 

locally, hut ‘Ws disappears on Aaking^^andj^^ ^ 

nearly one equivalent o heing formed having the same 

Evr^rs^pSS, ' s .h.u*« ... ..p.*" 



-C(CeH,-OH), 


so,H'C,h,'C<^«5'^;oh " 

Yellow in aqueous solution. 
> S05Na.C,H<'C<^V. 


SOsNa-C,H,<§;°H ^ SO.Na.C,H,C<c:H -ONa 

Yallowsalt. * ‘ ' iav 

£„ rxj; s« :hXbecoir.e , 
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^Ti the addition of alkali hydroxides. When left in an atmosphere 
ammonia, phenolsulphonphthalein also forms an almost black 
salt, which dissolves with purple colour, and changes 
uto a red mono-ammonium salt when, left over sulphuric acid in 
1 desiccator. 

Tetf'(^hromophenolml‘phou]ihthaJein is conveniently obtained by 
,lowly adding bromine to a solution of the indicator in acetic acid 
maintained near its boiling point. The crystals are almost colour- 
less when moistened with acetic acid, but acquire a flesh-pink colour 
ffhen dn^. When heated, it gives a green sublimate at 210^, 

becomes deeper orange in colour, and finally melts at 270 271° 

{decomp. ). The di-ammonium salt is stable in the neighbourhood 
of sulphuric acid, owing to the increased acidity of the phenol 
group, '^^trawtropkevolsidphonphthaleiny canary-yellow, minute 
flakes, decomp, above 200°, also forms a stable dlammoriium salt 
The tetrabromo-compound dissolves in water (0*7 gram per litre) 
ghing a dark red solution, which becomes deep blue on diluting 
or adding a trace of alkali, but gradually yellow on addint? a stron®* 
acid. The tetranitro-compound gives purple-red solutions^'in water^l 
which are not visually or spectroscopically altered bv the addition 
of small amounts of alkali, but gradually’ become yellow on adding 
acids, the solution changing to purple once more on dilution 
Owin? to the presence of nitro-groups or bromine atoms in the 
phenolic components, the production of the coloured quinone- 
phenolate ions is rendered easy, and considerable concentrations of 
hydrogen ions must be present before their ionisation is depressed. 

Phenolsulphonphthalein and its tetrabromide have been treated 
with diazomcthane. The prnd}frf,<^, m. p. 158° and m. p 

531—235°, appear to be esters of the type 

kt they are remarkably stable towards alkalis, and must be 
investigated more fully. 

It is stated that stannic chloride is an excellent agent for the 
condensation of phthalin anhydride and phenols. J. 0. W. 

Optically Active Ketones : Ketones of 1 : 2 ; 2 ■ 3-Tetr*- 

Mthyki/dopenfcane. H. Kupr and C. A. KLorPENBORo (Heir 

am. .Utn. 1919, 2 , 3G3-37ai.--l-Acetvl-l : 2 : 2 ;3-tetramethvl- 

^ ' 3-tetran.ethylo,Vp7npeniyl methyl ketone), 
'^''■kMeAc'CH,’ treating the chloride of cam- 

ilohc aord (1:2:2: S-tetrametlivlrye/apentane-l-oarboxylic acid) 
either zme methvl or ethyl sodiomalonate or ethyl sodio- 
ttoacetate. and purified hy means of its semicarhazone. is a 
* persistent cedar-wood oil odour, b p 
L mm . p« 0-9163 -h 51-27“, [al-;' -h 63-67“, [alS', (X- 
tutsf'*** [“Ip + 93-32“ : in benzene solution these 

Mions are respectively 4.3-45“, .53-89“. 62 06“, and 77-49“. The 
®WHbazone has m. p. 2-26“ (decomp.) (Meerwein, this vol., 
gave m. p. 232“); the orimf, ni. p. 09-5“ the ^-nitropheni/l- 
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fi^+To'estw+es^TfalCAi'OTMa^^ 

P • !r „M.rf,ir of 1-2:2: S-tetramethylcycfopentane-l-caAoxylic 

n res nol condense ^ith semiearbaeide or hydroxylamme, tat 
yields a ^-nitro'pl\^enylhydrat(me, m. p. • 

^ \ Benzoylacetyl-l : 2 : 2 : %-tetrameihyhyc\oveniant, 

9^8 ^®2>Cjre*CO*CH2‘COPh, 

CHMe-OMe^'^ 

prepared either W the conden^tion^of^et^^^^^^^^^^ 

c|c7opentane4-carboxyl t 3 .tetramethylcyc!opentyl methyl 

of ethyl benzoate on i ^o,,rles 3 oil, b. p. 205'’/10 mm., 
ketone, forms a i [aV + 76-08° [all? + 100*92’ • 

I)fl-0500,[a| + 50-19°,,[a]?+6^83^^^^^^^^^ 

in benzene, the respec . intense red coloration with 

chiSd" 

crvstallises in Ion., white, felted needles, m. p. 142», and becomes 
h?hTy eT^tr^ed-when ^'^bbed_With semicarbazide .t gives the 

nmpoimd, C,,H„Me-C<jj_J.(,Q,jjH^ 


.CH- C 


-CPh 


which forms short, apparently i.rirge quantities 

A simple method of preparing zinc methyl in g ^ 
by the action of a zinc-copper couple on methyl 'odide^m^ ^ 
bomb is described. 

(ffefw. Chim. Acta, 2 f platinum IM 

by hydrogen in presence of col o , P. . beiny thus fur- 

yfelds tetrahydroirone, an the irofe molecule, 

fiished of the Vesence of two double the tetra 

According to the formulae for o- an 0 t 1 1 identical, excepi 
Cydro-derivatives of these 1 do S yie'd * 

aJ regards optical activity. The t«o ;«no"es do indeed, y 

same tetrahydrcproduct compare A, 91 , 6 

hydroirone differs from this not ^‘^,f„\’'‘™Assuming lb 
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trans isomerism ; the boiling-point difference, namely, 14*^/ 13 mm., 
is higher than has been observed in any similar case, and may be 
g()jiditioned by the relatively long side-chain of the molecules. 

The attempts made to establish the structural relations between 
tetrahydroionone and tetrahydroirone have been unsuccessful. 
;he latter does not undergo racemisation when heated at a high 
euiperature with either hydrochloric acid or alkali. Further, 
sidation of the saturated ketones by means of permanganate, as 
yell as oxidation by means of sodium hypobromite of the sodium 
alts of tetrahydro-iononic and -ironic acids, do not yield the 
(xpected products, the formation of large proportions of oxalic 
Kjid in all cases indicating that the long side-chain is first oxidised 
iway. Results previously obtained, especially the reaction by 
yMch ^-ionone is formed, and which consists in the scission of a 
yater molecule, indicate that in the ionones (and tetrahydroion- 
)n 6 ) the two side-chains, CHg and CH.CHAc, occupy cw-positions 
und in irone (and tetrahydroirone) </a/?s-positions at the asym- 
metric carbon atom. ^ 

When iron© is reduced in presence of colloidal palladium by 
means of a limited proportion of hydrogen, only tetrahydro- and 
not dihydro-irone is formed, and it is uncertain if Skita (he. cit.) 
obtained dihydroion ones in this way, no crystalline derivatives 
being described by him. 

Tetrohydroirone, forms 

8 colourless oil of characteristic cedar-wood odour, b. p. 143—145°/ 
ISmni., and in carbon disulphide solution decolorises bromine with 
evolution of hydrogen bromide. The se7)ucarhazoue, 
forms crystals, m. p. 202 — 203°, and gives the ketone again when 
boiled with potassium hydrogen sulphate solution. 

Tetrahydroionol, b. p. 142— 143°/17 mm.. 0-9144 (Skita, 
A,, 1916, i, 16, gave b. p. 142— 143°/20 mm.. ()-9126), may be 

obtained by reducing the ionones by means of hydrogen in ethereal 
jolution containing platinum black, whereas in presence of colloidal 
palladium the reduction proceeds only as far as tetrahydroionone. 
Reduction of a-ionone in 50% aqueous-alcoholic solution by means 
of hydrogen in presence of Kelber's nickel catalyst (A.. 1916, 
11 . 309) yields diht/droionof as an oil, b. p. 135—140°, so that in 
tbi?case the reduction of the carbonyl group precedes that of one 
of the double Unkings, probably that in the ring ; this appears to 
k the first instance of such a reaction (compare Rupe, Werder. 
iiid Takagi, this vol,. i, 27). Dihydroionol does not form a semi- 
tarbazone,- and on oxidation is converted into dihi^drotoftnne, 
which h a mobile liquid, b. p. 130— 132°/14' mm., and 
Ndsthe semicarbazide, CiJT.,;,ONo. m. p. 166—168° 

tdrahydroirniik acid, 

tt. p. 185 — 190°/15 mm., rn. p. (crude) about 80°, and tetra- 
} mnnonic acid, of the same stniotiiral formula, is a viscous oil, 
(i.p, 1(3-1780/12 mm. T. H, P. 
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Diketohydrindene. III. 

pounds are formed, which may also be prepared by oondenamg the 
Lhvdrides with anhydrobisdiketohydrmdene (Wislioenus aua 
Kotzle, A., 1889, 1067), this being, therefore, the primary pro. 
duct in the first reaction. Thus, phthalic anhydride gives the 
cov^pmnd, C„5 Hi,Os, which crystalUses from nitrobenzene „ 
lustrous flakes, m. p. 320°; benzoic anhydride yf ds the composed 
p TT O aold6E*V6llow needles, m. p. above 3 *j0 j and succinic 
Sdride teL the compound, C.,,H,oO„H,0 which sublime 
withont melting at above 316°. The compounds dissolve in hoi 
aniline without forming anilides. v , 

tL condensation of diketohydrindene with phthalic anhydr.d, 
in the presence of acetic anhydride has been descnb^ by Mamhes, 
(A 1907 i 941) who obtained a compound, L/26lii2t^5' i 
similar to’ the above compound, in outward appearanc 

and m. p., but it differs in that it dissolves freely in sodium hydi 
oxide and is changed on boiling with aniline into a black, crystal 

line suhstance, (CgH^O)!, m. p. 110°. j * i, • u. 

The experiment with phthalic anhydride was undertaken iii th 

hope of obtaining a compound of the formula 




To this end. ethyl phthalate was made to react with dikeb 
hydrindene in the presence of sodium ethoxide hut the prodm 
wL Schwerin's 2-benzoyl-l ; S^iketohydniidene (A., 1894 i, 19, 
mixed with a little anhydrobisdiketohydriiidene. J. t. W. 

Indophenolsandlndamines. II. Gcstav Hjuer {duuafa, 
1919 418,259—274. Compare A., 1912, i, 916). It has long 

W’known that indophenols »^%deconip_osed by^ hot diUae mmeral 
\-n <;Anse of the equation O.C^H4*^* 

n’P K ‘O 4- NH •C-H/OH. A further change occurs, however, 
Siien cict wi* the mineral acid is maintained for many hoim, 

20;CeH,:0 + 2NHs-CeH,-OH = 

so that the final main If ducts are quiiicd and dia.^ 

The complex substance obtained by the “ f, v c.s.ai-p 

on the simplest indophenol (foe. ct.) is .^^own to he - A 

hydroxyanilino-p-benzoquinone by its orma . j yjiijj 

oL and /^aminophenol in brozi 

manner, Uuquinone yields Snmnmlne an' 
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jjimetliylaiinno-group is replaced by hydroxyl and 2 : 5*di-;?*hydr- 
osyanilino-p-benzoquinone is formed. 

The course of the decomposition of indophenols described above 
^vas first elucidated by an investigation of the action of hydro- 
jhlorio acid (^15) on Bandrowski’s base, p-benzoquinone-p-tolyt- 
01 C 6 H 4 ’N*C 7 H 7 , whereby quinol and 2 ; G-di-p-toluidino-p- 
^euzoquinone were obtained. 

9 • ^-Dianilino ‘^'bemoquinoneph enylirn ide , 

0:C6H2(NHPh)2:NPh, 

^ p 202 — 203®, and 2‘.b-dianilino-])-benzoqiiinone-\>ioli/li7nide, 
xeddish-brown leaflets, m. p. 214®, are obtained by treating 
Ijgjizoquinonephenylimide and p-benzoquiiiDiie-/;-tolyIimid6 re- 
^ectively with an alcoholic solution of aniline containing a little 
acfitic acid. 

After contact with dilute sulphuric acid for three days, Bind- 
schedler’s green yields, amongst other products of the decomposi- 
tion, tetramethylbenzidine, produced probably by the oxidising 
action of p-benzoquinone on dimethylaniline formed in the 
reaction. 

Py oxidation with an alkaline solution of sodium hypochlorite 
it -10® to -15®, ornaphthol and p-aminophenol (but not phenol 
it,d 4 -amino-a-iiaphthol) yield the indophend^ 

OlCioHe’.N-CsH^'OH, 

'cystalline powder, which forms two isomeric monoanidno-d^nv- 
atires, C^aHigOoNa, m. p. 256° and 181° respectively; guaiacol and 
Mminophenol yield Wmeihoxyindophend, 

^ 0:C,Hs(0Me):N*CeH,-0H, 

jjj p igi — 182® (decomp.) (9 : 12-^/m/;^7//?o-derivative, ni. p. 
2(I8-' 1109®), and 7 n-chloro phenol and p-aminophenol yield 1-c/i/oro- 
mhphnol, m. p. 156® {sodiufn- derivative, Ci^H^OoNCINa, 
needles); the cfi^zni/mo-derivative, C 24 H.j; 0 .jN;jCl, bronze-green 
needles, m. p. 211—212®, of the last compound is oxidised in 
alcotolic solution at 60® to the diand, red prisms, m. p. 212 — 213®, 
bv chromic and acetic acids. 


4-Anilitio*4^-hydroxydipheny]Hmine. NHPh-C\;H 4 ‘NH*CeH 4 ‘OH. 
very scales, m. p. 14o®, is obtained by lieatiiig a mixture ol 
imiiiodiphenylamine, quinol. and zinc chloride at 180®; a por- 
on of the product can be jnirified by crystallisation, but the main 
irtion, apparently in consequence of oxidation, must be reduced 
I alcoholic solution by zinc dust and glacial acetic acid before it 
recrystallised. By treating its solution in boiling benzene with 
iercuric oxide, the substance is oxidised to Z-aniJniaindophenolf 
CCfiH/.N-CgH^-NHPh, bluish- violet crystals containing 1 mol. 
mj,m. p. 15|^. ' C. S. 


The Constitution ol Capsaicin, the Pungent Principle 
)1 Capsicum. E. K. Nelsox {J. Amer. Chcm, Sue., 1919, 41, 
115—1121).— The amount of capsaicin in cayenne pepper varies 
^>Bsiderably, a very good sample vi elding, when treated according 
to Micko’s method (A., 1899. i, *716; see also Nelson, A., 1911, 
% 551), about 60 grams of the pure substance per 50 kilos. 



The compound is now shown to be a condensation product of 
vanillylamine and a decenoic acid 
•KTT‘Prtip w (annexed formula). 

17 Capsaicin crystallises from a mix- 
ture of light petroleum and ether 
OMe (9:1) in monoclinic plates (a, 1’520- 

1*540; y, V580), m. p. 65<^. Its 
methyl ether forms bundles of minute needles (a, 1*55; )3, psg, 
y, 1'60), m. p. 77—78^, and is only slightly pungent. On oxida- 
tion with alkaline permanganate, this ether yields veratric acid, 
and when hydrolysed by means of methyl-alcoholic hydrochloric 
acid, it gives 3 : 4-dimethoxybenzylamine hydrochloride, which 
crystallises in monoclinic rods or narrow plates (a, 1‘505 ; ;8, 1'670; 
y, 1*700) (compare Juliusberg, A., 1907, i, 219). Capsaicin itself 
yields 4-hydroxy-3'methoxybeuzylamine hydrochloride (see below) 
when hydrolysed in the same way, but hydrolysis with 25% sodium 
hydroxide at 180° enables the acid fragment to be isolated in 
excellent yield. The alkaline liquid is saturated with carbon di- 
oxide, extracted with ether to remove the decomposition products 
of the amine residue, the aqueous portion is then evaporated to 
dryness, the organic salt is separated by means of boiling alcohol, 
and finally decomposed by dilute sulphuric acid. The acid appears 
to be a new deccnoic acid^ CioHjgOj. It has m. p. -5° b. p. 
258 — 261°/ atm. (corr.), forms a dihromide, m. p. 57 — 59°, and an 
amide, pearly leaflets, m. p. 96—97° (corr.)^ which differs from 
the amides of two decenoic acids described by Wallach, and the 
saturated decwc add obtained by Paal’s method has b. p. 260^, 
m. p. 24 — 25°, and immediately causes the liquefaction of decoic 
acid from coconut oil (compare Lapworth and Royle, T., 1919, 
115 , 1109). 

The base, vanillylamine {i-hydroxy-^-meihoxyhemylamine), was 
prepared for comparison by the reduction of vanillin oxime. It is 
very unstable, crystallises from water in slender needles, m. p. 
131—133° (after drying at 110°), and yields a hydroiMorldt, 
colourless rods (a, I'olO; j9, 1'705; y, 1*735). J. C. W. 

SoluhUity of Carbon Dioxide in Solutions of Chlorophyll. 

Robert Kremann and Norbert Schniders chits ch { MonaUh , 
1916, 37, 659— 679).— With the object of ascertaining whether 
chlorophyll and carbon dioxide form an additive compound in the 
assimilation of the latter by the leaves of trees, the authors have 
determined the solubility of carbon dioxide in 95% alcoholic solu- 
tions of chlorophyll both in the absence and the presence of light 
The experiments were carried out both by the static method and 
the dynamic method. In the latter method, the tmount of carbon 
dioxide dissolved was estimated by determinations of the electocaj 
conductivity of the solutions. A similar series of experiments was 
also carried out with 95% alcohol which contained no chlorophy < 
The experiments show that the solubility of carbon 
alcohol and in alcoholic solutions of chlorophyll is practically t ^ 
same. It must therefore be concluded that neither in the dar ncr 
in daylight is there a measurable formation of an additive compoun 
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between carbon dioxide and cbloropbyll. Further, no such com- 
pound could be observed m a colloidal suspension of chlorophyll 
-n 45% alcohol through which carbon dioxide had been bubbled 
>n86quently, if such an additive compound takes any part in the 
ibsorption of carbon dioxide by living leaves, this compound can 
mly present in an almost unrecognisable quantity J F S 

6:6: 7-Trihydroryflavone : Constitution of Scutellarem 

Bargellini (Gazzetta, 1919, 49, ii, 47— 63).— The fact that 
tcutellarein alone is obtained by the action of hydriodic acid on 
, : 3 : 4 : 6-tetramethoxyphenyl ?^methoxybenzoylmethyl ketone 
^hich thus undergoes demethylation and also loses 1 mol of water’ 
indicates that scutellarein is either 5:7;8:4^- or o * 6 *7 •4/-tetra’ 
hydroxyflavone (A., 1915, i, 84). The decision between these two 
jonstitutions is now made as follows. By condensation with methyl 
benzoate in presence of sodium, 2 : 3 : 4 : 6-tetramethoxyphenyl 
methyl ketone IS converted into 2 :3 :4 : 6-tetramethoxyphenyl 
benzoylmethyl ketone, and hydrolysis of the latter by means of 
[lydriodic acid, as above, yields a trihydroxyflavone, wliich may ]>e 
either the 5:7:8- or the 5 : 6 : 7-derivative ; as this compound is 
different from the 5 :7:8-trihydroxvflavoae fhvdroxychrysin) 
described by Nierenstein (A., 1912, i, 292). it must be regarded as 
5;6:7-trihydroxyflavone. On the assumption that the elimination 
of water in the formation of scutellarein from 2:3:4; 6-tetraineth- 
oxyphenyl ?^methoxybenzoylmethyl ketone takes place similarly 
to the elimination of water from benzovlmethyl 2:3:4: 6-tetra- 
methoxyphenv] ketone, scutellarein 
must be regarded as 5:6:7: 4^-tetra- 
hydroxvflavone (annexed formula). 

Meltino' points different from those 
obtained bv the author have been 
given bv Nierenstein for certain of 
these derivatives. Thus, for 2 : 3 : 4 : 6-tetramethoxvphenvl methvl 
ketone, the author finds m. p. 48—50®. and Nierenstein (T., 1917, 
111, 4) 92 93®, and. in view of the ease with which T-m ethylated 
derivatives are formed when phloroglucinol and its derivatives, and 
also 1:2:3: 5-tetrahydroxvbenzene and its derivatives.’ are 
methylated, it may be that Nierenstein^s so-called 2 : 3 : 4 : 6-tetra- 
methoxyphenyl methyl ketone, prepared bv direct methylation of 
the corresponding tetrahydroxy-compoimd, is in reality a (7.methvl- 
ated derivative. 

^ ^ txamtihoxyphenyl Hyryl lie lone (annexed 

, obtained by condensation of 2:3:4; 6-tetramethoxyphenvl 



OMe 


OMe 
OJJTOMe 

uric acid with an intense red coloration. 
^OL^cxvi, i. 



methyl ketone with 
veratraldehyde, is a pale 
yellow compound, m. p. 
127—128®. and dissolves 
in coucentrated sulph- 
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Nierenstein (loc. at.) describes 2-hydroxy-3 : 4 : 6-trmethoxy. 
phenyl methyl ketone, m. p. 126-126®, and 6-hydroxy-2: 3:4*1- 
Lthrayphenyl methyl ketone m. p. 164—165 _ The trimethyl- 
ated derivative prepared by the author has m. P- 
is probably the former of these compounds; its acetyf “e^ative, 
m p. 106®, and its ben-.oyl derivative, m. p. 120—122 , have been 
prepared. With veratraldehyde in presence of sodium hydroxide, 
ft yfelds 2-hydroxy-3 : 4 ; 6 : 3' : 4 '-pentamethoxyphenyl styryl ketone, 
m^p 143°f as described by Niereustein. The latter describes 
o ’■ 6-dihydroxy-3 ; 4 -dimethoxyphenyl methyl ketorie, m, p, 
166—168° whereas the dimethylated derivative obtained by the 
auLr has ni. p. 162-163®; its acetyl derivative, m p. 110-112®, 
also been prepared. The tetra-, tri-, and di-methyl compounds 
all dissolve in concentrated sulphuric acid giving a yellow color- 
atioii chanviiig to brownish-green and then to bluish-violet on 
heating; thfs colour reaction is probably common to all derivatives 
of 1 : 2V3 : o-tetrametlioxybenzeue. , , t . 

'^■3*4' Q-Tetramethoxyphe7i}/l hevzoyhnethyl li'etone, 
C6H(OMe)4-CO'CHoBz, 

forms vellow, prismatic crystals, m. p. 110—112 , and in 
alcoholic solution gives an intense red e®l®ration with ferric 
chloride; a crystal of the comiiound is coloured red by concentrated 
siilphufic acid, the latter becoming yellow. 

5:6:7-Tn7,vif™ry/?uro«r (annexed formula) forms a brownish- 
velhw powder, m. p. about 260® (decomp.), or, 
/\ 'when prepared from the di- or tri-aeetyl deiiv- 

, 1 - 0 — fiPh shining, yellow crystals, turning brown 

loeaU’v at 240—250®, m. p. 262—266°. It dis- 
solves ill aqueous borax to an intense yeilow 
:olutioii, ill concentrated sulphuric acid to a 
til sodium hydroxide solution, giving a reddisii- 
brown solution, and in sodium carbonate solution, giving a green 
solution turninc^ brownish-red. Addition of ^ ^ drops ^ ’ 

centrated sulphuric acid to a hot solution of the compound n. 
. acial acetic feid yields a red crystalline 

thpee conditions bv scutellarein. Addition oi a littie 

t£. a. ta..?.. .1 !»■ 

nS'“lh Siiin i. prob.Mj • 

of flavoiies containing three o\ the con- 

pyrone nucleus, and may be of service ® diacef>/f 

forms white needles, m p. b , . coloration with 

sulphuric acid to a yellow solution, S ^ ,, rfimeth/l 
fernc chloride in alcoholic solution. The (6.7 .) 


OH 

OH' 


^ /C0*CH 
OH 


yellow solution, in 
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(’17^34^5’ yellow needles, ni, p, 155— lofV- m,ii.I ■ 

diloride in “Icoholic s^olution gives a red coloration changing to 
green ^th excess of the reagent. The trimethjl ether C,.H®0 
forms light wool-hke needles, m. p, 165— 166°, and dissokef to a 
yellow solution _m concentrated sulphuric acid, but gives no color- 
ation with ferric chloride in alcoholic solution. TUP 

5 ; 7 : 2 -Trihydroxyflavanol : Synthesis of Datiscetin 

G. Bargellini and E. Peratoner (Gazzetta, 1919 49 ii 64—69/ 
^;r,;2-Trihydroxyflavanol has been prepared as follows, Con- 
densation of --hydroxyl : 6-dimethoxyphenyl methyl ketone with 
the methyl ether of salicyiydehyde in presence of sodium hydr- 
oxide yields 2-hydroxy-4:6:2'-trmiethoxyphenyl stvrvl ketmie 
irhich, when boiled with dilute hydrochloric acid in alcoholic solu- 
tion, IS converted partly into 5 : 7 : 2'-trimethoxyflayanone Treat- 
ment with amyl mtnte transforms the latter into its isonitroso- 
denvative, and this, when heated with dilute sulphuric acid 
in acetic acid solution, gives 5 : 7 : 2'-trimethoxyflavanol. The 
latter should be idenhcal w^h the trimethyl ether of the datiscetin 
of Marchlewski and Korczynski (A., 1907. i. 435), and should viel.l 
datiscetin (o : 7 ; 2'-trihydroxyflavanol) when treated with hydriodic 
acid, hut lack of material has prevented the completion' of the 
work. 

i-H!/ilro,rn-i:G:2'-fnmetho.r,,phe„,/l krt,,,,,- (I) foims 


OMe. 


OH 

/ ^-CO-CHiCH- 
OMe 

a.) 


OM^ 


OM 


\/ 

OMe 


OMe 

-0— CH-/ \ 
'-CO-Cil, — 


(IT.) 


canary-yellow crystals, ni, p. lOG- l^)8^. and dissolves in omiceu- 
trated suJpnuric acid with an orange-red coloration. 

h-ri-.V-Trimethoxyfiavanone (II) crystallises in white needles 
m p. 124—125°, and dissolves in concentrated sulphuric acid to 
a brownish-yellow solution. 

l'0zimnQ-b\l (HI) forms pale veilow 

crystals, in. p. 189 — 190° (decomp.). 

‘r.V.V^Trwxtihoryflavono} (IX) crystallises in pale yellow 


OMe 


OMeApO-Clf / 

w-CO-irN-OH^ — 


\/ 

OMe 


OMp 


OMej^Vo-C / \ 


(HI.) 


\/-C(>C-OH 

OMe 

(TV.] 


sM'fi ’• dissolves in concentrated sulphuric 

yellow solution wldoli exhibits intense green fiuores- 
acid gives a llnorescent solution lu sulphuric 

T. H. P. 
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The Anhalonium [Cactus] Alkaloids. I. Anhaline and 
Mezcaline. Ernst Spath {Monatsh., 1919, 40, 129—154).-, 
The cactus alkaloids have been investigated most completely §0 
far by HeSter (A., 1895, i, 120; 1896, i, 267; 1898, i, 499; 1901, 
i, 736; 1905, i, 877), and seven bases are described in the literature 
namely, anhaline, mezcaline, pellotine, anhalonidine, anhalonine 
anhalamine, and lophophorine. These have about the same 
physiological properties (Mogilewa, Arch. expt. Path. Pharmak. 
1903, 49, 137) and are clc^ely related chemically. It is now shown 
that anhaline is identical with the hordenine of barley germs, that 
is, it is j8*p-hydroxyphenyletbyldimetbylamine, 
OH-CgH^-CHj-CHo-NMea 

(Leger, A., 1906, i, 204, 761; Rosenmund, A., 1910, i, 241), and 
mezcaline has been synthesised by a method which shows that it 
is i3-3 : 4 : 5-trimethoxyphenylethylamine, 

C6H2(OMe)3-CH2-CH2‘NHa. 

Anhaloniue and lophophorine each contain a methoxy-group and 
two non-hydroxylic oxygen atoms, but tbe other bases are simply 
methylated members of the 3:4: S-trihydroxyphenylethylamine 
series. 

Synthesis of Mezcaline.— GdWio acid is methylated by means of 
methyl sulphate, and then converted into 3 : 4 : 5-trimethoxyheuzoyl 
chloride by the action of phosphorus pentachloride. This is 
reduced in boiling toluene by hydrogen in the presence of palladiii' 
ised barium sulphate, the yield of 3:4:5'trimethoxyb6nzaldehyd6 
being good, although some by-products are formed (Rosenmund, 
A., 1918, i, 300). The aldehyde is condensed with nitromethane 
to form iii-nitro-Z'.ii^-trimethoxy styrene, 

C6Ho(0Me)8-CH:CH*N02, 

long, yellow needles, m. p. 120— 12P, and this is reduced by means 
of zinc dust and acetic acid to an oxime, and then by sodium 
amalgam to ^■'^‘A:b-trimethoxyphenyhthylamine, which is a 
colourless, highly refractive, viscous oil having b. p. 180— 180'5®/ 
12 mm. and a faint, basic odour. The procedure at all these 
stages is that devised by Rosenmund (A., 1910, i, 110). The base 
gives tbe following derivatives, which are identical with those 
obtained from a specimen of Merck’s mezcaline, and already 
described in part by Heffter; sulphate, B. 2 ,H 2 S 04 , 2 H 20 , long, 
glistening prisms, m. p. 183 — 186'^; picrate, yellow crystals, m. p. 
216 — 218*^; platinichloride, rosettes of straw -yellow n^Ies, m. p. 
187—188®; aurichloride, B,HAuCl 4 ,H 20 , orange needles, decomp. 
140—141®; benzoyl derivative, m. p.“ 120—121®; m~nitToh(n:od 
derivative, m. p. 161 — 162®; quaternary methiodide, 
CcH2(OMe)3-CH2-OH2*NMe3l, 

m. p. 224 — 225®. ... 

Heffter bund on analysis that mezcaline behaves as though it 
contains a methylamino-group, -NHMe, and this is confirmed. T e 
explanation seems to be that some rearrangement in the molecu * 
proceeds during the analysis, for Heffter himself disposed * 
alternative formula, C,H,(OMe),-CH„-NHMe. Still anothe 
alternative, C„H;(OMe) 3 -CHMe-NH,, is now negatived by we 
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Hynth^^is of the hase with this formiilw. .r, 

.nethyl k^no (Maufchncr, A„ 1910, i/ 680) i;^ J/veS“7nS®th 

o£me, needles, m. i). 102 — 103° and thi« L ^ a “ ™ 

sodium amalgam. «-3 = 4 . 5r;s::L‘";;r.;S 

strong base which forms a solid carbonate on ^pturrte ^ 

Its henioyl derivative has m. p, 160— IBP tv,? ^ ? 

r^ethiodUe, C,H3(OMe)s-CHMe?NMe,I, melts at 180 

„.hdH., .g.i. .. 236-IS7., “„d <l„:n.pU;^M5l2>s“ 

(Gazzetta, 1919, 49, j, 191 — 200V— Crvnsf'nn,- * ■ 
solutions containing caflFeine, together ^with^ 
sodium benzoate, resorcinol, quinol or catechnl . 
indicating the formation of compounds betwp^^n fl, 

Gruttefien (U. s°'p.I°,‘Sg‘'-AS?i;Fd "'d 

yohimbine (368 parte) are dissolved in water (1000 parte? The 
solution >s d evaporated, the residie is S w^fh 

ace one and the salt thus obtained is filtered and dried ^ 100» 

SdTr m ToTs? “““ P^f forms an almost colourless 
\t • !t {’ “^rv'i ^fthylarstnate, m. p. 203° is 

obtained from methylarsmic acid (130 parts) and vobimbinri'ses 
parts). Yohimhine vhenylamnate. m p about 140 ° i= n ^ a 
by the interaction of phenylarsinic acid Vo° parted and vnht^h^ 
(368 parts) dissolved V alcohol (1000 pa'rts? 7oliie.V^ ® 

is a faintly colZd Kder/m,' p alVf ro° 
soluble in water, alcohol, and acetone Tt ic f ' 

aMobehenolic acid (462-5 parts) aiid yohim'lnne (368 p?4 di^ 
solved in acetone (10,000 — 15 000 narftA Tf ais 

don i, altered and the prate carefully evaporater^Thftiscti'i 

hort obtained becomes solid after keeping for a 

jort tune in a desiccator, and can then be easily pulveris^ ^ These 

l»S’’ttv?lo nol *«i‘»ble as therapeutic agents 

ifltestme wLI * ^ pronounced irritating effect ou the 

Md te yohimSn? compounds generally 

^ ‘““‘“a- Chemical Abstracts. 

Molybdenum and Tungsten, I, 

", bAUBiERi (Attt S. Accad, Lined 1919 fvl SIR , uki *c-\ 

Sand and Burger (A .’igos.’f 9--'3®’l46 ^Flsn 

«» theTd rd*vte].^T of pyridine 

a and violet liquids obtained from an acidified solution 
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i-outaiumg a molybdate aud a thiocyauate, either by boiling or liy 
treating in the cold with zinc, tin, or other reducing agent, yieVf!; 
the compounds MoO(SCN) 3 ,(C 5 H 5 N,HSCN).,HoO (I) and 
Mo(OH)5(SCN)3,2C5H5N (II), 

the molybdenum being quinquevalent. Since compound II jg 
formed in acid solution, it is more probable that the pyridine unites 
with the thiocyanic acid, and that the molybdenum exists as 
inolybdyl, MoO.-> (A.. 1916, i, 627); the formula, 
MoO.SCK,(C5H5N,HSCK)2, 

for this compound would explain also its conversion into compound 
I by treatment with thiocyanic acid. 

When molybdic acid is reduced in presence of thiocyanic acid 
(Braun's reaction, Zeitsck. anal. Chem.^ 1863, 2, 36), the color- 
ations produced may be due partly tn sexa- and partly to quinque- 
valent molybdenum. The latter alone is present in molybdeny] 
ammonium chloride, MoOCl; 5 , 2 NH 4 Cl, which gives an orange-red 
coloration when treated, in a solution acidified with hydrochloric 
acid, with excess of ammonium thiocyanate; the colour changes to 
blood-red and then to violet on dilution or heating, further addi- 
tion of water producing in succession orange-yellow and yellow 
colorations, and finally decolorisation. The different colours are 
hence the result of hydrolysis. The orange-yellow liquid gives 
with pyridine thiocyanate the compound I (above), whilst treat- 
ment of the coloured solutions with a hexamethylenetetramine 
salt under definite experimental conditions gives the compounds; 
(III) l^fo(OH).(SCN)3,C,HT.N4,HSCN,2H.,0, black, prismatic 
crystals ; (TV) ^ Mo(OH)3(SCN)2AHioN4,HSCN,2H.O, blackish- 
green crystals forming a violet powder ; and (V) 
MoO(OH),SCN,C6Hp>^,HSCN, 

orange-yellow prisms. Cora])ound3 Til and IV give violet alcoholic 
solutions which become orange -yellow when diluted with water 
and heate<i, and, on cooling, then deposit compound V ; treatment 
of the latter with thiocyanic acid yields a violet solution. 

T. H. P. 

Synthetic Investigations in the Quinine Series. I. 
Synthesis of /3-Collxdine [4-Methyl-3-ethylpyridine]. L. 

Ruzicka and V. Forxasir (Heh\ Chim. .4c/a, 1919, 2, 338—348). 
— The authors have succeeded in synthesising ^-collidine [4-methyI- 
3-ethyI pyridine], the various steps in the process being as follows: 
(1) Preparation of 2 : G-dihydroxy-jS-collidine, either by heating 
y-cyano-^-methyl-o-ethylglutaconimide (5-cyan0'2 : 6-dihydroxy-4' 
methyl-S-ethylpyridine) (compare Guar^chi, A., 1897, i, 168) with 
hydrobromic acid, or by coudeiwing ethyl ethylaoetoacetate with 
ethyl cyanoacetate in presence ot sodium and treating the cyano- 
glutaconic ester thus obtained with sodium hydroxide (compare 
Rogerson and Thorpe, T., 1905, 87, 1685); (2) conversion of the 
2 : G-dihydroxy-jS-collidine into 2 : 6-dichloro-i8-colUdme by means of 
phosphoryl chloride; and (3) removal of the chlorine atoms by 
treatment with hydriodic acid. monochlovo-jB- collidine, and then 
3-colHdine. being formed, 
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y.CyanO'i8-mefciiyl-a-etliylglutaconimide lias m. p. about 220° 
(crude) (Guareschi, loc. cit.y gave 234°), and its ammonium deriv- 
ative, m. p. about 315° (Guareschi gave m. p. about 300°). 

3 ; %-DichJoroA-methi/l'ZMhylpyridine, |>CMe, is a 

colourless, mobile oil, b. p. 140°/ 12 mm,, having a piercing odour 
and an inflammatory action on the skin. 

forms a 

colourless, mobile oil with the odour of pyridine, b. p. 110°/ 12 mm, 
Its picrate has m. p. about 110°. T. H. P. 

Compounds of 2-Phenylquinolme-4-carboxylic Acid 
with Halogen Acids. H. W. RnouEtiAMEr. Pat. 

1306439). — Compounds of 2-phenylquinoliiie-4-carboxylic acid with 
lialogen acids are prepared by mixing the parent materials, using 
aa excess of halogen acid, and then removing the excess of the 
latter by drying. The hydriodide forms orange-yellow crystals, 
ja, p. 243°. It is useful as a therapeutic agent rheumatism 
and gout. The hydrohromide forms brownish-yellow crystals, m. p. 
255°. The hydrochloride, m. j). 223°, and hydroflvoride form 
lemon-yellow crystals. CHEMicAr. Abstuacts. 

Nitro-derivatives of 5-Diphenyldihydroacridine. F. 

Kehrmann, Henri Goldstein, and Peter Tscuudi {Ihlv. Chim. 
.\i-fa, 1919, 2, 315 — 323. Compare A.. 1918, i, 311; ii, 344). 

-In presence of acids. 5-diphenvldihydroacridiiie (compare Baeyer 
and Villiger, A., 1904, i, 8981 is readily oxidised at the ordinary 
temperature by various oxidising agents, yielding coloured products 
with the characters of salts; the study of these products is attended 
with considerable difflcultv. Bv nitric acid diluted largely with 
facial acetic acid, 5-dipheuyldihvdroacridine is energeticallv 
attacked, with formation of crystalline nitro-derivatives. of which 
>khave been isolated pure (see below). The corresponding amino- 
derivatives behave towards oxidising agent? like the leu co-com- 
pounds of colouring matters, showing the characteristic proper- 
ties of quinoneiinide dyes and resembling particularly many 
azoxiue dyes. The hehaviojir of the nitro-derivatives towards 
alcoholic alkali hydroxide accords with the assumption that at least 
one nitro-group occupies the para- position with respect to the ter- 
valent ring nitrogen atom ; they dissolve iu the alkali, yielding 
pronounced green, red, and blue colorations, thus resembling closely 
the analogous nitro-derivatives af ];heuazoxiue and thiodiphenyl- 
amine, " ^ 

The W!o«o/},f7ro -derivative of ri-diphcnyldiliydroacridine (I) forms 
compact, many-faced crystals with the colour of crystalline 
potassium dichromate, or, when ground, a psde orange powder, 
p. 300 — 301°; coiicentruted sul])huric acid tlissulves and decom- 
poses it, with formation of a deep blue coloration. Its aeetyl 
‘Privative form? large, four sided platps, m. p. 215°, yielding an 
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almost white powder, Addition of alkali hydroxide solution to the 
hot alcoholic solution yields a dichroic liquid, which is greenish- 
yellow in thin and purple-red in thick layers. 

The i/mUro-derivative A (formula II), forms heavy, orange- 


/ 


NH 


NH NO, 


NOJ 


■ T\^ 
\/\/\/ 

CPhj 

(h) 



NH 


CPh^ 

(in.) 


yellow, many-faced crystals, m. p. 287- — 288^, giving a golden- 
yellow powder; its solution in alcoholic sodium hydroxide is 
greenish-yellow in thin and violet-brown in thick layers. The 
/h‘ni<ro-derivativ6 B (formula TIT) forms compact, lemon-yellow 
crystals with a slight blue reflex and a yellow powder with a green 
tinge; it begins to decompose at about 300*^ and has m. p. about 
322*5°. Its alcoholic alkali hydroxide solution is blue in thin and 
deep purple in thick layers. 


NH NO. 

Y\ 


CPh^ 

(IV.) 


NO, NH NO„ 

/\/\/\ 

CPh, 

(V.) 


The friri#7ro-derivative (formula IV) forms orange-yellow leaflets 
containing benzene of crystallisation and a golden-yellow powder, 
m. p. 257 — 258°; Us solution in alcoholic 
alkali hydroxide is magenta-red, and 
becomes reddish-violet on addition of a 
little water, whilst much water forms a 
yellow, flocculent precipitate. 

The fefranUro-derivative (formula V) 
forms pale orange-yellow needles and a 
pale yellow powder, m. p. about 180°; in 
alcoholic alkali hydroxide it gives a 
raagenta-red solution, changing to violet on dilution. 

The Ae.rrtwUro-denvative (fonnula VI) forms granular, yellow 
crystals, m. p, 317—318° (decomp,), and dissolves in alcoholic 
alkali hydroxide to a magenta-red liquid, the colour of which is 
unchanged by dilution. T. H. P. 

Carbazine Dyes, a New dfass of Quinone-imide Deriv- 
atives. F. Kehrmann, Hekri Goldstein, and Peter Tschudi 
{Helv, Chim.-Acta, 1919, 2 , 379— 397).— The amines obtained by 
reduction of the nitro-derivativcs prepared from 5-diphenylni 
liydroacridine (preceding abstract) behave as the ]euc(vcom]M)uin 
of dyes into which they are traiisfonned by oxidation. Owing 
their evident analogy to azoxine and thiazine dyes, the name 


NOj NH NO. 



G 
/\ 

C,H,-NOo 

(VI.) 



ORGANIC CHEMISTRY. 


i. 553 


alrhaz^ne ib given to these dyes. Despite their relation to 
acridine, carbazme dyes exhibit little similarity to the acridine 
jyes, the dissimilarity being sufficiently explained by the difference 
between the chromophores in the two cases. Like the azine 
azoxine, and^ thiazine dyes, carbazine dyes are derivatives of 
qiiiiion^di-imide, this relationship being fully borne out by their 
properties. 

The introduction of an amino-group is accompanied by the 
following colour changes in the mono-acid salts: with carbazine 
[ciihydroacridine], from yellow to bluish-green; with azoxine, from 
yellowish-red to bluish-violet; with thiazine, from violet-red to 
violet-blue, and with safranine, from violet-red to scarlet. The 
absolute value of. the bathochromic or hypsochromic effect produced 
by the introduction of an amino-group into a chromo4n is in 
general a function of the basicity of the complex it enters, the 
action being the more stronglv bathochromic the less this basicity 
is developed. Thus, to explain the conversion of the bluish-^rreen 
malachite-green into the bluish-violet crystal -violet by the introduc- 
tion of a second 7?-dimethylamino-group, the hypothesis of colours 
of the second order is unnecessary. Indeed, whether the introduc- 
tion of amino-groups into coloured complexes produces deepening 
of the colour or the reverse depends primarily on the chemical 
nature of the complex and secondarily on the positions assumed by 
the entering groups. ^ 

The quinone-imide ba.«e (formula I), corresponding with the 


N 

/\^\/\ 

CPh, 

(1.) 



bluish-green mono-acid salts mentioned above, is yellowish -red in 
ethereal solution and shows a pronounced vellow fluorescence; even 
ammonium carbonate separates it completely from its 'salts. 
Oxidation by means of ferric chloride of the colourless leuco- 
diamine prepared by reduction of the yellowiph-red dinitro-com- 
poiind (Joe. cit,) yields a dye (formula II or ITI), which, as mono- 
acid salt, is deep olive-green; the corresponding dark cherry-red 
base is even weaker than the preceding, as its salts are decomposed 
by sodium acetate. 

Reduction of the tr ini tro-com pound (he. cif.) yields a colour- 
less leuco-triamine, which is oxidised bv ferric chloride to a colour- 
ing matter (formula IV) with A intense, pure violet mono-acid 




N NH, 

/Y\/\ 


OPh, 


(ni.) 


NH.x: 


NK,N 


\/\/\/ 

OPh,, 


mi. 


(IV.) 
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salt; the base, which is separated from its salts by ammonia, but 
only incompletely by ammonium carbonate, is deep orange*red, but 
non-flu orescent in ethereal solution. Hence the first amino-grouij 
exerts a bathochromic, but the second a hypsochromic, influence 
with the limitation that the colour strength is considerablv 
increased. Comparative dyeing tests with tannin-mordantej] 
cotton show that the colour strength increases from the chromogen 
to the violet diamine, and then gradually falls until the pentamine 
is reached. 

The leuco-tetramine gives on oxidation a pure blue mono-acid salt 
of the probable formula V. and the hexamine one of the probable 
formula VI, also blue. With both salts correspond imide bases 


/\^\/\ 

OPh, 


NH„N NH, 


c 


(V.) 


/\ 

(VI.) 


which are liberated from their salts only by the strongest inorganic 
bases, that derived from the hexamine only incompletely; boiled 
distilled water extracts the blue hydrates quantitatively from the 
violet-red ethereal solutions. 


By excess of more or less concentrated acids, all the colouring 
matters are converted into poly-acid salts of different colour, these 
being mostly hydrolysed with ease by water. 

7-Amiuo-5-dipheny]acridine salts (annexed formula) are obtained 
by oxidation of the leuco-compound, 
yx yx 7-amino-5-dipheuyldihydroacridine, in acid 
/!>\/io\ solution by means of ferric chloride. 
J , x s , . j Other solid salts are difficult to obtain, but 
CPh ^V'chlorait, forms a pure 

^ yellow, pulverulent, crystalline precipitate 
exploding when heated. 

'y-T}'xjihtny\acTi(lint, C._v,HisNo. forms small, pale yellow crystals 
decomposing without melting at 160®, and acts as a very weak 
base. 


l(or ^')\~‘Bxamimd\]}htnij\acrul\ne hf/tbovhlorule, 
forms deep, olive-green, crystalline flocks, and the platinichloridt, 
(C 2 f.H^N 3 Cl) 2 PtCl 4 . small, dark green crystals. The imide base, 
separates, apparently as a hydrate, in deep red flocks, 
changing in a few minutes to flue crystals, 

3 il-Diaminodiphenx/Iacridine plaiinichloride. 

(a.,H.oN3Cl)2PtCl4, 

forms metallic- green crystals, somewhat soluble in water to a 
greenish-blue solution. The chloride forms metal lie -green crystals 
with the lustre of brass. The imide base, forms copper 

red crystals with a golden lustre, m. p. 240-~‘2r)0® (decomp.). 

"iS :^'Tria\niiiudiphen)j}a('i\d'inr ch^orvU’, form^ 
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compact crystals with a coppery lustre, and the idatini chloride 
jnicroscopic, bJackish-violet crystals insoluble in water. ’ 

1:3:7: ^-Tetra-aminodiphenylacridine chloride, C 9 rH oN Cl 
forms needles with a coppery lustre, and the haae, leafletl^utl the 
lustre of bronze. 

jlt.xO'-driiinodiphenylacridint chloride (formula VI), N~CI 
Corms almost black prisms with a slight metallic lustre. ‘The bLe 
exhibits nigbly basic characters, and was not isolated as it is not 
completely liberated from its salts by alkali hydroxide,' and even in 
ethereal solution rapidly absorbs carbon dioxide from the air. 

The constitution of these colouring matters is discussed. 

T. n. p. 


Derivative of_ 3 ; S-Dinitropheaoxazine. Emil Misslix 

lud Adolf Bau { TTeh \ Chim. Acta, 1919, 2. 285 315) The 

,bjects of this investigation were: (1) to ascertain how far sub- 
titution in o-aminophenol by the radicles NO.,. Cl, and NHAc may 
je carried without preventing the formation of phenoxazines by the 
iction of either picryl chloride or the more readily accessible 2 : 4 : 6- 
hnitroanisole in presence of an alkaline medium, and (2) to deter- 
mine if in all cases the formation of pbenoxazine takes place bv 
ivay of an intermediate diphenyl amine derivative, or if in certain 
:a?e3 the initial formation of a diphenyl ether is to be assumed 
The results obtained show that the" action either of 2‘4-6-tri- 
iiitroaihsole or of picryl chloride on o-amijiophenol or Its nitro- 
hloro-, bromo-. or acetvlamino-substituted derivatives of the type 
if pioramic acid l^eads in presence of alkali to the formation of 
lenvatives of 3 : o-dinitrophenoxazine, dinhenvlamine compounds 
bein? formed as intermediate products. Tt is hi?hlv probable also 
that other substituted o-aminophenols containing the groups named' 
with the exception of those in which the substitution occurs in the 
ortho-position to the amino-grou]). react in the same sense with 
2.4 . 6-trinit roani sole or picryl chloride. When suspended in 
alcohol 3:5-dinitrophenoxazines substituted in the 7-position by 
m Cl, Br, or NTTAc vield Bordeaux-red or violet colorations on 
addition of alkali hydroxide, whilst 3 : 5-diiiitropheTioxnzine« with 
a mtresgroup in the^6-nosition yield a pure blue coloration under 
these conditions. With simultaneous substitution in the 6- and 
/•positions, the coloration is determined bv the more highly negative 
^uMituent, or, if the two substituents are of dinilar character bv 
tMin the 6-position. The condensation jiroduct obtained in'th'e 
wM from picryl chloride an<I the notassiuni derivative of o-acetvl- 
aminophenol yields Turpin's 3 :5-dinitropbenoxazine (T., 1891. 59 
'14) on treatment with alkali. 


3:o-Dinitrophenoxazine, formed from 2 : 4 : 6-li initroanisole and 
yarainophenol in alcoholic solution in presence of potassium hydr- 
/^toluenesulphoiiic ester of 2:4:6- 
oV conditions, and 

bv treat 

in alcolioliV solution. 

fnrm^.i citliPr 
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from 2;4:6-trinitroamsol© and 4-chloro-2-aminoph6nol or from 
5/-chloro-2 : 4 : 6-trinitro-2^-hydroxydiplienylamine p-toluenesulplion. 
ate crystallises in brick-red or deep brownish-red needles. In con- 
centrated sulphuric acid it forms a Bordeaux-red solution, which 
precipitates it unchanged on dilution; when suspended m alcohol, 
it yields a pure violet coloration with alkali hydroxide. 

3:5: S-Trinitrophenoxazine, Ci9Hg07N4, obtained from 2:4:6- 
iiitroanisole and 4-nitro-2-aminophenol, forms deep reddish-brown 
needles, and gives a Bordeaux-red solution in alkaline alcohol. 

^:^~Dinitro~S-acetplaininophenoxazine, Ci4HioOgN4, prepared 
from 4-acetylamino-2-aminophenol and pota^ium 3 :5-dinitro-4:4^ 
dimethoxyquinolnitrolate (compare Meisenheimer, A., 1902, i, 795), > 
forms dark brown, velvety, felted needles. Its solution in con- 
centrated sulphuric acid is first brownish-red and then dark red, 
addition of water producing a brownish-yellow precipitate. Its 
suspension in alcohol is coloured violet by potassium hydroxide. 

3:5: 9-Trinitrophenbxazine, obtained from 2:4; o-trinitroanisole 
and 5-nitro-2-aminophenol, was prepared by ICehrmann and Saager 
(A., 1903, i. 279) by nitration of 3 :5-dinitrophenoxazine. 

S-Ohl&r'o-Z'.b-dinitro-lO-aminophenoxazine, Ci^H^OfiN^Cl, obtained 
from 4-chloro-2 : 6-diaminophenol and 2 : 4 : 6-trinitroanisole, forms 
slender, reddish-brown, shining needles, gives a yellowish-brown 
solution in concentrated sulphuric acid, and yields a dull violet 
coloration with potassium hydroxide in alcohol. 

8 : \0-Dichloro-d : b-dinHrophenoxazxne, prepared 

from 4 '6-dichloro-2-aminophenol and 2 : 4 : 6-trinitroanisole, form? 
small reddish-brown, shining crystals, sparingly soluble jn concen- 
trated sulphuric acid, giving a reddish-violet coloration ; in alkaline 
alcohol it forms a violet solution with a ^ , 

8 : lO-Dihromo-Z : b-^initropkenoxazine, prepared 

like the corresponding dichloro-com pound, forms deep reddish- 
brown, shining needles, and dissolves slightly in concentrated 
sulphuric acid with a faint blue coloration ; with alcoholic alkali, a 
violet coloration with a red tinge is formed. 


S-Chloro~3 : 5 : lO-trimtrophenoxazine, . 


_ _ ^ ^ obtained 

from 2 ; 4 : 6-trinitroanisole and 4-chloro-^nitro-2-aminophenol 
crystallises in drusy masses of matt, light brown leaflets, and gives 

a brownish-orange solution in concentrated sulphuric acid; its 

suspension in alcohol gives a violet coloration with alkali hydroxide. 

Z:b ‘.S-Trinitro-lO-aminophenoxazine, C12TT7O7N5, prepared from 
4-nitro2 : 6-diaminophenol and potassium 3 : 5-dinitro-4 : 4 -dime ■ 
oxyquinolnitrolate (compare Meisenheimer, loc. cit.), crystal ises in 
shining, reddish-brown to garnet^red needles, and dissolve readily 
in concentrated sulphuric acid to an intense brownish-yellow soln- 
tion. In alcoholic potassium hydroxide, it dissolves 
to a dirty, brownish-red solution. When boiled , 

anhydride and fused sodium acetate, k lav 

:^:5:S‘trimfroA0-ac€tyIamiTiopkenoxazine, C14H9O8N5, whic 
also be obtained from 4-nitro-6-acetylamino-2-amiiiopbeiio _ 

potassium 3 : 5.dinitro-4 : 4 '-diTnethoxyquinolnitTolate (comp . 
Meisenheimer, foe. cit.), and which forms brnwnish-yellow lean . 
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with the lustre of gold. It dissolves easily in concentrated 
.ulphuric acid to an orange-yellow solution, and partly in adhoHo 
jlkah hydroxide with a violet coloration showing a r^ tinge 
\Q-Chloro-Z : 6 : ^trinitrophenoxazine, C,oH.O,N HI 
,„m 2:4:6.trinitroanisole and B-chloro.'l&l aminEl 

forms drusy masses of small, reddish-brown, shining crystals and 
obof end “concentrated sulphuric ’acid; 

Siutrtl ^ reddish-violet to 


^J4HgOgN5, obtained 


3:5: lO’Tnnitro^-acetylaminophenoxazine j 
from 4-acetylamino-6-nitro-2-^^^^ potassium 3-5- 

(iimtro-4:4'-dimetlioxyquinolnitrolate, forms shining fiat pale 
reddish-brown needles, and gives a brownish -orange solkion in con- 
centra^d sulphuric acid and a violet coloration with alkali hydr- 
oxide in suspension in alcohol. ^ 

8-rW«rr^3:5 _:9-«n;«'tropAcno^02i«e, C,,H 50 ,N,C 1 , obtained either 
(rom tA: 6-trinitroanisoIe and 4.chloro-5.nitro-2-aminophenol or 
y nitration of 8-cbloro-3 : o-dlnitrophcnoxazinc, crystallises in 
tellar aggregate of shining, garnet-red needles, and gives a dirty 
Juish-red splution ,n concentrated sulphuric acid and a pure blue 
oloration with alkali hydroxide and alcohol. 

3 :5 : 7 . 9-Tetranitrophenoxa2ine, obtained by nitration of 3 * 5*9 
rinitrophenoxazine, agrees^ in properties with Kehrmann' and 
aagers preparation (loc. ctt.). 

3:5:9-rnhi>o-8;mcM;/fpAeno,ro«hs, C, 3 H, 0 ,N,, prepared from 
:4:6_tnnitroanisole and 5-nitro-2-aminc.p.cresol, forms deep 
e dish-brown, shining needles, and readily dissolves in concentrated 
idphuric acid to a dirty, hrownish-red solution ; a pure blue solution 
! obtained in alcohol and potassium hydroxide 
hoAAO-Tetranifropheno:razint. C„H,0,N;„ prepared from 
« acid and either 2 ; 4 : B-trinitroanisole or picryl chloride 
»rms dark brown^ or steel-blue needles, and yields an intensely 
oden-yellow solution in concentrated sulphuric acid and a bluish- 
ed solution in alcoholic alkali hydroxide 

3:5:8:9-re(mm<ro;iAcno:ro-e>,c, C,,H,bs,N-„ orepared bv nitra- 
iir d:j:8-tnmtrophenoxazine, forms long, reddish-brown' leaflets 
Itt a green, metallic lustre, containing acetic acid of crystallisa- 
lon and assumes an orange-red colour when dried. It dissolves 
sd 'in" ®“!pburic acid with an orange-red coloration, 

sd in alcohol containing alkali hydroxide to a greenish-blue 

' T. H. P. 

Colonred Condensation Products from Ketonic Pyraso- 
« Derivatives. E. P. Kohler and L. L. Stfrlr 

1919. 41 , n05.-. lin8)._The ketopyrazolineV having 
lie structure give highly fluorescent solutions in 

“ *■'■‘*.^*,0^ liydrogen chloride, f5omp of the pro- 
ilcUiK* ,fT- '''•"“.V III''* very sparingly soluble 

semWc tlJ , "‘".le<'ular weight, .ind oiifwai'dlv 

the most brilliant rhndamine dvfs. 
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Hydrogen cliloride is passed into a suspension of ethyl 5-beu2oyl. 
4*phenylpyrazoline-3K;arboxylate (this vol., i., 631) in boiling 
methyl alcohol, and the crimson precipitate is collected as soon as 
the ester has disappeared and boiled for some time with carbon 
disulphide. The compound, C38H30O4N4, is thereby changed into 
a mass of stout needles, m. p. 266 — 268°, ‘which sublime freely at 
above 400° in a vacuum. It is very slightly soluble in benzene, 
the solution appearing a brilliant crimson-orange by reflected light 
and purple by transmitted light. On continuing the action of 
hydrogen chloride, the substance takes up water and the acid to 
form a yellow compound, C3gH3,^0,N4Cl, plates, m. p. 258—259° 
and when boiled with acetic acid for some time it combines with 
2H5,0 to give the colourless compound, C3gH3(iOftN4, needles, m. p. 
181°. From an approximate determination of its molecular weight, 
it appears that the compound may have the formula 
CHPh-C:CPh-N-N:0-CO.^Et 
CO.Et-C:N--N-CPh:C — CHPh 
Ethyl 5-y>bromobeiizoyl-4-phenylpvrazoline-3-carboxylate {ihul] 
gives a similar product. purple-red needles, m. p. 

268—270°. 

Distyiyl ketone reacts with ethyl diazoacetate in light petroleum 
at oO— 70° to give ethyl o^innamoyiA-pheniflpprazoline^Z-carl- 

\^CHPh*C*CO,Et . 

oxidate, OHPh:CH-CO*CH<^.^_y * , pale yellow plates, 


m. p. 164*5 — 165°, solutions of which become blood-red with 
hydrogen chloride. Styryl methyl ketone yields tilijd h-acetylA- 
phenylpprazoUne-^-curhoxidate. white needles, m. p. 12 <°, solution? 
of which give an orange colour with hydrochloric acid. 

Ethyl 5-acetyl-4-phenylpyrazoline-3;5-dicarboxylat€, m. p. 76° 
was obtained by Buchner. The ])resent authors have obtained an 
isomeride with m. p. 105—106°. This gives no colour with 
alcoholic hydrogen chloride. J* C. M . 


Asymmetric D^es. C. W. Porter and C. T. Hirst (/. 
Ckem. Soc., 1919, 41, 1264— 1267).— A number of dyes contain- 
ing an asymmetric carbon atom have been ])repared with the idea 
of contributing to the knowledge of vital stains, and one has been 
discovered on which wool acts selectively, absorbing more of the 
lievo- than the dextro-modification. 

The parent substance is ;>aminobeuzophenone, obtained by con- 
densing benzoyl chloride with phthalauilide in the presence of 
zinc chloride. ‘ This is converted into p-aminobenzhydrol by reduc- 
tion, and into carbinols by the Grignard reaction, and these bases, 
containing an asymmetric carbon atom, are diawtised and coup e 
with (a) ^-nanhthol, giving dyes which are insoluble in a«as. 
alkalis, or water, {h) dimethylaniline in the presence of about 
0*l3"-hydrochlorie acid, and (c) uaphtholsulphoiiic acids ami 
naphthylaminesulphonic acids, to give soluble dyes. 

p-Aminodiphenylmf’thplcarhinol, 0 H * CMePh • * N H 

rn. p. 101°, and p-fnninod/idfenidethyha/hino! forms r<iloin 
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plates, lu- P* The dyci> mentioued iu tabular form iu tho 

paginal are as follows: OH*CHPh*CcH 4 -N./Ci.H,;OH, red. iii 
lel-SO; OH-CMcPh-CeH,-N,.Cjone*OH, red, Z p. 190o ^ 

OH‘CEtPh-C,H4‘N.;,-C,,H,-OH. 

Di' P* 149^^; (iH4’NMe.T5 red in. u. 

145°; OH*CMePh*C({H4’Ng»CgH4«NMe2, yellow, m. p. 177°; 
OH’CEtPh’CrtHj'No'CgH^^NMe.,, orange, m. n. 138— nqo- 

0H*CHPh’C6H4*Ng*Ci(,H4(SO3H)2*OH, red, m. p. 102*^' 
OH-CEtPh»Or,H4*No«Cj„H,(OH)-SOoPr, 

dark red, in. p. 120—122^; ^I^*CMePh-CJTj.N.-CV,H-(OH)'SO.,H 
red, m. p. 150-lo2® - j (. 


The Constitution of Internal Diazo-oxides (Diazo phenols). 

II, Gilbert T. Moroan and Eric Doddrkll Ev\ns (T 1919 
115. 1126—1140). •" V 


Action of Phenylhydrazine on Phthalaldehydic and 
Phthalonic Acids : Phenyl hydrazo- and Azo-phthalide, 

pK.iFULLA Chandra Mitter and ,Tnanexdra X\tk Sen ("T 1919 
115, 1145—1148). ^ ■’ 


Researches on Proteins. VI. The Destructive Distilla- 
tion of Fibroin. Treat B, Johnson and Peter G. Daschavsky 
(.7. Amer. Chem. Soc.,^ 1919, 41, 1147— 1149).— Like Pictet and 
Cramer (this voL, i, 227), the authors have also coininenced a studv 
of the destructive distillation of proteins, choosing in the first 
instance silk fibroin, because it contains no sulphur and because 
its chief amino-acids are well known and few in number (glycine 
33%. alanine 16%, and tyrosine 10%). Distilling quantitii of 
about 1600 grams at a time, under 25—27 mm., the authors obtain 
about 16% of volatile and gaseous products, soluble in sodium 
hydroxide or sulphuric acid, 41% of coke, and 43% of a red oil 
which certainly contains phenol. q 

Applicatioa of the Kjeldahl Method te Compounds of 
Brucine, with Reference to the Brucine Salt of a New 
Nucleotide. Walter Jones (J. PJwrm. Exp. Tim., 1919 , 14 , 
489-493).— The Kjeldahl method gives exact results with salts of 
brucine. This fact has been applied in determining the nature 
of the brucine salt of a nucleotide obtained by partial oxidation 
of yeast-nucleic acid with potassium permanganate. J. C. D. 

Action of Enzymes on Starches of Difierent Origin, 

H. C. Sherman, Florence Walker, and Mary L. Caldwell (./ 
Antr. Chem, Soc,, 1919, 41. 1123— 1129).— When purified bv 
washing with very dilute sodium hydroxide, wheat, rice, and maize 
starches are hydroljrsable at the same rate by the same kind of 
amylase, and this 19 true for a large variety of agents, such as 
!.n purified pancreatic amylase, malt extract, 

punhed malt amylase, taka -diastase, or the purified amylase of 
- on/zae. When washed with water only, potato starch 
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is almost pure, hut the cereal starches, especially maize 
appear to contain fatty or resinous substances which interfere wiih 
the hydrolysis, even after the sUrch has been dissolved m boiling 
water. These interfering substances are partly removed by ether, 
but best by dilute alkali hydroxide. Potato starch is slightly more 
digestible than the purified cereal starches. In one case, however, 
when purified potato starch was left with purified pancreatic 
amylase, a much lower rate of hydrolysis was observed, suggesting 
that some accessory substance had been removed during the 
purification. 

The experiments on which these conclusions are based were 
carried out as follows. Sufficient of the starch preparations were 
taken to furnish 1% solutions of real, dry starch, and gelatinised 
by boiling with water for three minutes. The solutions were then 
rendered neutral to rosolic acid and made up to 100 c.c. at 40° in 
a thermostat. Uniform volumes of the enzyme preparations, 
sufficient to cause hydrolysis to proceed to about one half, were 
then placed with any necessary salts in several flasks and the starch 
solutions added. After thirty minute at 40 , the hydrolysis was 
stopped by rapidly boiling the mixture, and the reducing sugar 
was estimated by Fehling’s method. C. W . 

The Action of Ptyalin. Hugh McGuioan (/. £wl. Clm., 
1919, 39 , 273—284). — Chittenden and Smith (T, Conn. Ami. 
Arfsand'Sei., 1885, 6, 343) studied the action of ptyalin on starch 
and found that a relation between the amount of sugar formed 
and the amount of ptyalin used existed only when the saliva was 
diluted 50 to 100 times. These experiments have been in the 
main confirmed by the author, who has also found that the balance 
point shifts with the volume of saliva used, and that it may go 
as high as 75% of the substrate— calculated as dextrose. The pro- 
ducts of digestion which interfere with the reaction are not dextrose 
or maltose. There is evidence that ptyalin combines with starch 
durincr digestion, and exerts a force which causes hydrolysis. 

° ° J. C. D. 

Arsenical Medical Product and Process of Producing 
Same. J. M. Whitk (U.S. Pat. 1297952).— A product belie^■ed 
to be sodium dimethylpheiiyl hydrogen arsenide, CcHgMe.-AsHNa. 

m p about 121°, readily soluble in water, is obtained by the inter- 
action of sodium benzoate and sodium cacodylate in aqueous solu- 
tion. [See, further. ./. Soc. Chem. Ind., 1919, 847a.1 
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Concentration of Ammonia in Blood. Comparison with 
Concentration ol Ammonia in Difierent Secretions and 
rissuea, especially Muscle Tissue. K. L. Gad-A\dersen 
(/, Biol . Chem.y 1919, 39, 267 — 271). — A method for the estim- 
ation of ammonia in the tissues is described. The author records 
that he found the concentrations of ammonia in muscle and in 
blood of the same order. The concentration of ammonia in the 
heart muscle, liver, fatty tissue, bile, cerebro-spinal fluid, and 
aqueous humour is the same as in blood. J. C. D, 

Some Data concerning the Alleged Relation of Catalase 
to Animal Oxidations. Raymond L. Stehle (J. Biol Chem., 
1919, 39, 403 — 420). — The feeding of meat and the administration 
of " saccharin,” j8-hydroxybutyric acid, alanine, and glycine are not 
accompanied by an increase in the catalase content of the blood 
to the extent reported by Burge {Amer. J. Physiol., 1918, 46. 117 ; 
]91g — 1919, 47, 13). It is suggested that fluctuations in catalase 
content are due to fluctuations in the red cell count of the blood, 
and that catalase content is a function of the number of red cells. 

J. C. D. 

Importance of Accurate and Quantitative Measurements 
In Experimei^l Work on Nutrition and Accessory Food 
Factors. Harriett k Chick and K Margaret Hume { J . Biol . 
Qhm,, 1919, 39, 203 — 207), — ^The authors point out that much 
of the experimental work recently published on the subject of the 
accessory food factors may be criticised on the ground that 
quantitative measurements have not received sufficient attention, 
hi comparing the value of a series of foodstuffs as regards their 
value in content of some accessory food factor, it is obvious that 
the first step necessary is to determine in eacn case the minimum 
daily dose which will maintain health in the experimental animal, 
and to institute comparison between these amounts. 

Keglect of this necessary procedure has led to many vague and 
erroneous results being reported. J. C. D. 

Hydrogen- and Hydroxyl-ion Equilibrium in Solutions . I . 

IV. Loffler and K. Spiro {Hdv. Chim. Ada, 1919, 2, 417 — 119). 
'Most of the liquids of the animal organism exhibit the same 
■eaction approximating to neutrality, the maintenance of this 
’eaction being of the utmost importance for many physiological pro- 
cesses, and alterations in it being of great influence on the course of 
ssential vital processes. In an investigation of the extent to 
R’hich the results obtained with colloidal solutions are applicable 
to solutions of crystalloids, the authors have attained a simple 
demonstration of the fact that tlie neutrality of crystalloid solu- 
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tions is regulated by physico-cbemical as well as by oiemical 
factors. In all adsorption processes, specific forces act, diEereui 
substances showing considerable differences as regards adsorb- 
ability Alteration of the reaction by shaking with animal char- 
coal is not shown by all solutions used as m^erators ; or 
“buffers”; thus, no such change occurs with phosphate solutions, 
whereas with solutions of citrates and borates it is easily detect- 
able, the value of increased and 

diminished with the latter salts. The use to which animal char- 
coal is now put in the treatment of mfectiye diseases may depend, 
“ot merely on its ability to absorb bacteria and toxins but also 
Tits actiii in combating the acidity of the stomach contents 
arising from bftctsrijif influ6nc6. 

Eouilihrium between Potassium, Rubidium, Casiurn, 
and Uranium. (Mlle.) L. Kaiser {AiA NeM Phpm 
1919 3 587 — 593 ).— Potassium in Ringers solution may he 

replaced ’by rubidium or csesium, as far as its action on the isolatM 
frocr’s heart is concerned. The maximum action is given by the 
following concentrations, expressed as mg. per litre; potassium 92. 
rubidium lie, caesium 78. It has been shown that cer an, 
elements such as uranium, thorium, and ladium, which should be 
capable of replacing potassium, actually exert an opposite effect. 
rhk is viewed in the light of the fact that potassium emits nega- 
tive |3-rays, whilst uranium emits positive o-rays. The antagomstio 
action of these elements on the frog's heart is consider^. ^ ^ 


rnmnositiou of the Posterior and Anterior Lobes ol 
Cat?l?ffiaries ^ G. McARrnfRj.r. A.ur. Chem. Soc.. 1919 
41 122 a 5 - ■1240V— vol., ii. 4 So. 

The Supposed Occurrence of Methylguanidine m Meat, 
wi^oLervations on the Oxidation of Creatme by Mereunt 
Acetate Isidor Greexw.ald (J. Amer. Chm. Soc., 1919, 41, 

L Lat a^e based on the use of either silver nitrate and bansm 

hydroxide or mercuric cblonde and theXCr 

cinitatine agents. Ewins has already shown that the tormer 
Xnt is^ capable of oxidising creatine to methylguanidine (A, 
1916 i 508)^ and it is now proved that mercuric acetate is equally 
insStisfactorvq for not only does it fail to give complete precip ■ 
tion hut it also oxidises creatine to 

acid’ and an intermediate product, methy guamdoglyoxyl o acd. 
NHM"c(;NH)-NH.CO.CO,n. These results have re nth Ue,. 

s s'Z f a. 

in fairW fresh weat. 



VEGETABLE PHYSIOLOGY AND AGRICULTURE. i. 563 


Metabolism of Dextrose in Surviving Oi^ans. VH. 
Action of Muscular Tissue of the Dog {during Feeding and 
Tasting) on Dextrose Circulating in it and on the GJycogen 
^ tttained in it. Ugo Lombroso and Ludovico Faterni (Arch. 

Bci. aff.^ 1919, 27, 17— 32).— When placed under suit- 
conditions, the muscular tissue of the dog is able to consume, 

^ f merely its own glycogen, but also marked quantities of 
fxtrose added to the liquid circulating through it, such consump- 
being the greater when the tissue is from a dog being fed 
than when it is from one kept fasting. T. H. P. 

file Salicylates. XI. The Stability and Destruction o! 
Salicyl Group under Biological Conditions. P. J. 

flASZiiiK and N. C. Wetzel (/. Pharm. Pxp. fher., 1919, 14, 
O'— 42). —It has been previously reported that 20 to 30% of the 
crroup remains unaccounted for after its passage through 
the body, and is presumably destroyed (ihid., 1917, 9, 247). Solu- 
ioDs of sodium salicylate deteriorate when kept, particularly when 
w are dilute. The decomposition appears to be due to the 
iction of living organisms, and may be inhibited by adding chloro- 
[orni Sodium salicylate solutions were found to deteriorate in 
iL presence of yeast, but not as rapidly as when allowed to remain 
'one The salicyl grou]) appears to undergo destruction when in 
the presence of minced tissue. About 20% of salicylates adminis- 
tered to normal individual.'^ is destroyed, whilst in the cat and dog 
the amount destroyed is much greater. 

A general increase in metabolism, such as is encountered in 
febrile conditions, leads to an increased destruction of the salicyl 
ittoni). 

The Salicylates. XII. The Excretion of Salicyl after 
Administration of Methyl Salicylate to Animals. P. J. 

iLNZLiK and N. C. Wetzel (J. Pharm. Exp. Ther., 1919, 14. 
3_46)_The excretion of salicyl by animals (dogs and cats) 
liter the. administration of methvl salicylate is approximately 25% 
ess than after the administration of sodium salicylate. After 
isshic administration, the free ester was found in the urine in 
WDceutratioiis of 0‘2 to (}’52Af, and 14' 4% after intramuscular 
injection. 


Jiemistry of Vegetable Physiology and Agriculture 


Mineral Matter in Plants : The Ashes of some Roots and 
fnbers, Lucikn Lbboux and Desire Leroux {Ann. Chini. atial., 
919. [ii], 1, 207— 209).— The following amounts of ash were found 
^ the air-dried substances: Potato, 4*05%; common comfrey, 
dahlia. 5*10%:, burdock. 12*25%; thistle. 11*45%; gentian. 
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3*65%; carrot, 6*25%; turnip, 7’16%5 water lily, 3‘66%; nettle, 
7’83%; male fern, 4'83%. Analyses of the ashes are also 
The largest quantities of sulphuric acid were found in thistle asli 
and turnip ash {18'5% and 13*2% of SOj respectively); phosphoric 
acid was most abundant in water-lily ash (14-7% PjOs), and calcium 
in gentian ash (19*0% CaO). Gentian ash also yielded the largest 
quantity of iron, namely, 6*3% Fe^Oj. W. P. g, 

Carbohydrates of Vegetables. V. Carbohydrates of 
Carrots. VI. Carbohydrates of Green Peas. Ebnst 
Busolt (/. Lancltr., 1916, 64, 357 — 360, 361 — 362. Compare A 
1914, i, 792). — Carrots (6 kilos, of fresh roots) contain mannitol 
(23*5 grams) and dextrose (2*8 grams), whilst green peas contain 
mannitol, dextrose, Isevulose, and glycuronic acid. T. H. P. 

Secretion of Phosphates in the Stems of Djatikapur 
[Tectona grandis, L.]. A. Wichmann {Proc. K, Akad. Weiemh. 
Amsterdam^ 1919, 21, 968 — 982). — A discussion on the nature of 
the mineral deposits found in the stems of teak trees. From a 
consideration of the data the author concludes that the deposits are 
hydrated calcium phosphate, and that this may change into calcium 
magnesium phosphate. The teak tree absorbs more phosphoric acid 
than any other tree, and the effects of this on the nature of the soil 
are considered. J. F. S. 

Content of Hydrastine and Berberine in Hydrastis 
canadensis Grown in Austria (at Komenberg) and Estim 
tion of Berberine. Richard Wasickt and MARuxyi 
JoACHiMowiTZ (Arch. Pharm., 1917, 256, 497 — 506).— An 

accurate method for estimating berberine is described, and also 
the results of the estimation of hydrastine and berberine in the 
different parts of Hydrastu canadenftis grown in Austria, [See 
y. Soc. Chem. Ind., 1919, 737a.] T. E. P. 

The Action of some Common Soil Amendments. J. E. 

Greaves and E. G. Carter (Sod Sci, 1919, 7, 121 — 160).— From 
a review of the literature on this subject, a full bibliography of 
which is given, it is shown that the sulphates of magnesium, 
calcium, and iron, the chlorides of sodium, potassium, magnesium, 
and calcium, and manganese and iron salts may be especially 
efficient as soil stimulants. This effect is due in some cases to an 
increase in the available phosphate, and in others to an increase 
in the available nitrogen, these increases in available nitrogen and 
phosphorus being quite sufficient to account for the noted increase 
in crop yields resulting from the use of these soil amendments. 
In certain cases, an increase in the organic phosphorus rather than 
in the available phosphate or nitrogen results from their applica- 
tion. W. G. 
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Measurements in the Arc Spectrum of Iron for the 
purpose of Determining Tertiary Normals. Sophie 
Hoeltzenbein \Le\Uch. Fhotochem., 1917, 16, 225—251) — 
Making use of a concave grating, 4 metres radius and 5960 lines per 
centimetre, the author has re-measured the iron arc spectrum over 

the range AA.5658 — 4859 in the third order spectrum AA 4315 

3513 in the fourth order spectrum, and \\ 3513—2987 in the fifth 
order spectrum. Long tables of the wave-length and intensity of 
the measured lines are given, and an accuracy of about 0*001 A. is 
claimed for the values of the wave-lengths. A comparison of the 
present results with those of Gale and Adams (Astrophys J 1912 
35) and St John and Ware {ibid,, 1912, 36, 14, 203)* ha^ been 
made, and it is shown that very many lines may be used as tertiary 
aormals, and further, that among the lines chosen as tertiary 
aormals very great divergencies are to be observed in the values 
of the different observers, and consequently more work is necessary 
before the tertiary normals can be finally chosen. J. p. S 


Series System in tlie Spectrum of Gold. W. M. Hicks 
[Fhil. Mag.j 1919, [vi], 38, 1 — 31). — A theoretical discussion of the 
senes systems of the gold spectrum. It is shown that a D set corre- 
spoudmg with order m = l exists, which extends far in the ultra- 
red, and the satellite mantissa of which conforms to the general 
rule of being a multiple of A. Gold, therefore, does not constitute 
Ml exception, as formerly appeared to be the case. It is indicated 
that summation lines for the P and S series exist. In general such 
lines for S and P will he far down in the ultra-violet, and this is, 
no doubt, one reason why they have not been previously recognised! 
The evidence given in the paper must be supported by further 
numerical coincidences obtained in other spectra before it is to be 
regarded as conclusive, but it is sufficient to render it extremely 
probable. The more accurate determination of the oun depending 
on 81S=A = 113951 -6p, where 0*lp Angstrom is an observational 
OTor, has been carried out. This result gives 3 - 1406*802 - 0*074?; 
Taking the^ratio of « : ( 117100 )=, where 11* is the atomic weight, 
“ij > resulting value of the atomic weight of 

goldis 197*2024-0*0052p~0*0136(/. j, F. S. 


of the Atom and the Properties of 

I>e,slani)re.s {Compt. rend,, 1919, 169, 

D^-^099. Compare this vol., ii, 310).-A mathematical dis- 
ussiou m which the author shows that band spectra may be con- 
si ere as formed by longitudinal and transverse vibrations, the 
exact part which each plays imt being, as yet, fully determined. 
^0 ronnulae are deduced which account for the known facts, their 
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interpretation admitting of longitudinal and transverse vibrations 
in the atom and molecule, analogous to those in solids. W. G. 

The Conditions of Excitation of Fluorescence. L. 

Bruninghaus {pomjpt, rend.j 1919, 169 , 531 — 534). The pheno' 
mena of phosphorescence and fluorescence are characterised by the 
fact that the maximum effect is obtained when the solution is very 
dilute and the exciting radiation only very feebly absorbed. 


Photochemical Change in the System SO^Cla — SOa + Clj 
under the Intluence ot Light Rays oi Dehnite Wave-length. 

M Le Blanc, K. Akurich, and W. Kangro {Zeitsch. Elektro- 
clitni., 1919, 25, 229— 251).— A long series of experiments are 
described which are designed to furnish answers to the questions 
arising from the following case. Given an homogeneous gaseous 
system, Ai-B — G, which is sensitive to light and such that the 
absorption spectra of A, B, and C respectively do not overlap one 
another, and which has a zero velocity when in the dark, does the 
whole system become sensitive to light if it is subjected to light 
which is absorbed by only one constituent, and, if so, to what ex- 
tent does the reaction. proceed in the direction of G? The case 
SOg-hClg — 80201.2 has been examined with the object of answer- 
ing the questions. The absorption spectra of sulphur dioxide, 
chlorine, and sulphuryl chloride have been determined at a series 
of pressures, and it is shown that chlorine absorbs all light from 
the visible region to the middle ultra-violet, and has a maximum 
at 340 p/Jt; sulphur dioxide has an absorption maximum at 290 
and a minimum at 240 pp; sulphury! chloride vapour absorbs light 
from 300 pp upwards. Experiments on the decomiiosition of sul- 
phuryl chloride by light at a series of temperatures, the formatiou 
of gaseous sulphuryl chloride, and the formation of liquid sulphuryl 
chloride are described. It is shown that in the reaction 
SO.,+ Cl., ^ SO. 2 CI 0 the formatiou of secondary products does not 
occur to“the exteut“of 10%. The illumination of sulphuryl chloride 
by light, which is practically only absorbed by this substance, 
brings about quantitative decomposition at both 55° and 100°. 
The concentration has apparently no influence on the course of the 
reaction. When the system 80.+ Ch is illuminated with light 
which is absorbed by sulphur dioxide, only a slight reduction of 
pressure takes place; this is not due to the formation of sulphuryl 
chloride, but to a side reaction. When the same system is illumin- 
ated by' light which is only absorbed by chlorine, the formation of 
sulphuryl chloride takes place until, after a time, a stationary con- 
dition is set up. The velocity and also the position of the station- 
ary condition depend, at constant temperature, on the presence 0 
a small quantity, of water, and the higher the temperature tte 
earlier the stationary condition is reach^. In a number of cases 
a reversal is noted, so that the stationary condition does not come 
at the end of diminution of pressure, but of an increase in pre^ 
sure. At the temperatures 105° and 125°, at which the equiu- 



GENERAL AND PHYSICAL CHEMISTRY. 


ii. 443 


briuui in the dark is known, the stationary condition lies more to 
the side of sulphuryl chloride than in the non- illuminated reaction. 
Under none of the experimental conditions do the two points coin- 
cide. The lower the temperature the further apart are the end- 
points of the illuminated and the n on-illuminated reactions. The 
temperature-coefficient of the formation of sulphuryl chloride from 
chlorine and sulphur dioxide by light which is only absorbed by 
chlorine is small, and has little influence on the course of the 
reaction. J. F. S. 

Photochemical Reactions of Compounds of Less Common 
Elements. U. Alfred Benrath {2eitsck toiss. Fhotochen., 
1917, 16, 253—^261. Compare A., 1915, ii, 504). — An aqueous solu- 
tion of ammonium molybdate when diluted with an equal volume 
of either ethyl alcohol or methyl alcohol and exposed to sunlight 
changes to blue after a short exposure and a reddish-brown sub- 
stance is deposited on the side of the flask on which the light falls. 
Tliis compound has the formula (NH4)2Mo04,2Mo03,2Mo02,6Il20. 
In this formation only the complex added group, M0O3, and not 
the neutral ammonium molybdate is reduced. Colloidal molybdic 
acid is rapidly reduced by alcohol to the blue oxide, MogO^. NeutraL 
sodium tungstate is only slowly reduced by alcohol in sunlight, so 
that after a period of five months’ exposure to light only a faint 
blue colour is produced. On the other hand, suspensions of tungstic 
acid and acidified solutions of tungstates become deep blue in colour 
when mixed with alcohol and exposed to sunlight for a few hours. 
The greenish-yellow powder deposited when uranyl chloride dis- 
solved in ether is exposed to sunlight has been examined and found 
to have the formula UOClg, and the similar precipitate obtained by 
exposing an aqueous solution of uranyl nitrate containing a little 
alcohol to sunlight is TJ02(N03).,. j. p. g. 

The Relation between Uranium and Radium. VII. 

Frederick Soddy {Fhil. 21ag., 1919, [vi], 38, 483—488. Compare 
Soddy and Hitchins, A., 1915, ii, 726).- — The subsequent growth of 
radium in the old uranium preparations, since they were last tested 
ia 1915, has confirmed the earlier result that the growth is proceed- 
ing according to the square of the time, and that the product of the 
two periods of average life- of ionium and radium is, to an accuracy 
of some 5%, 237,500,000 years. Assuming the period of radium to 
be 2375 years, that of ionium is 100,000 years. It is not to be 
expected that this period will be deteriniued with much greater 
accuracy, as the result of subsequent measurements upon these pre- 
parations. Y s 

^dctrical Conductivity and Other Properties of 
oauirated Solutions of Copper Sulphate in the Presence 
Swphuric Acid. H. M. Goodwin and W, G. Horsh 
ond Met. Eng., 1919, 21, 181-182) .-The specific electrical con- 

wetance at 26^ of saturated solutions of copper sulphate contaiu- 

18—2 
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ing sulphuric acid from 015 to 3‘6 equivalents j»r litre has been 
determined, using the customary Wheatstone bridge arrangement 
with alternating current. The solutions were rotat^ in a constant 
temperature bath and the measurements continued until constant, 
which indicated saturation. The constant of the conductivity cell 
was determined by measuring the conductivity of normal potassium 
chloride solution and a solution of sulphuric acid of maximum con- 
ductivity. The results, accurate to 0'5%, show that the conduc- 
tivity increases, following a straighbline law with increasing con- 
centration of sulphuric acid. The solubility of copper sulphate in 
the presence of sulphuric acid is determined by electro -analysis. 
The concentration of copper sulphate at the saturation point falls 
continuously with increase of concentration of sulphuric acid up to 
4 equivalents per litre. The acid content of the solutions was 
determined by titrating with standard sodium hydroxide solution 
in the presence of copper sulphate, using methyl-orange as an 
indicator. The density of the solutions was measured by means of 
a Mohr-Westphal balance. The density first falls with increasing 
sulphuric acid content and then increases rectilinearly with a 
minimum at about 0-5 equivalent per litre. T. H. B. 

Applicability of the Precipitated Silver-Silver Chloride 
Electrode to the Measurement of the Activity of Hydro- 
chloric Acid in Extremely Dilute Solution. G. A. Linhart 
(7. Amer. Chem. Soc., 1919, 41, 1175—1180). — Measurements of 
the E.M,F. of cells of the type Ag, AgCl | HCl | H 2 pt have been 
carried out for concentrations of hydrochloric acid varying between 
0‘04826iV and 0*0001 3 6. V. The cell was made up in a single vessel, 
consisting of a bulb of about 1200 c.c, capacity fitted with fairly 
narrow tubes at tlie top and bottom. The bottom tube contained 
the silver-silver chloride electrode, and here a current of hydrogen 
entered just above the electrode; the top tube contained the hydro- 
gen electrode of iridium coated platinum, and above the electrode 
was an exit tube for the hydrogen. The silver-silver chloride elec- 
trode consisted of a layer of fine-grained electrolytic silver covered 
with a layer of precipitated silver chloride. After filling, the cell 
was placed in a thermostat and kept at a temperature of 25°+ 0*01° 
for three to four days to come to equilibrium, and then the h\M.F, 
measurements were made over a considerable period of time until 
constant values were obtained. The follbwing values of the E.M.F, 
for a hvdrogen pressure of 1 atm. are obtained: HCl, 0‘04826A, 
0*3874 'volt; 0*00965A, 0*4658 volt; 0'004826A, 0*5002 volt; 
O'OOIOOOA, 0*5791 volt; 0*000483A, 0*6161 volt; 0*000242i7, 
0*6514 volt; and 0*000136iV, 0*6805 volt. The EM.F, is calculated 
to molecular concentration of hydrogen and chloride ions on the 
assumption of complete ionisation; these values extrapolated at 
infinite dilution yield the value 0*2234 volt, from which the degree 
of dissociation is calculated for each dilution. J- F. 8. 

Transport Number of Chromic Ions in Violet Chloride 
Solutions. Karl Hoppgartner (Monatsh., 1919, 40, 259—269).— 
The transpoi^ number of the chromic ion in hydrochloric acid solu- 
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tiona of violet chromic chloride has been determined by the Hittorf 
method. The determinations were effected with solutions of three 
concentrations (I'OO, O’ 32, and O’ 075 equivalent). The transport 
numbers found were 0*318±0‘005, 0’357±0’003, and 0’414±0’005 
respectively, which extrapolate to the value 0’446 for the concentra- 
tion zero, and lineally extrapolate to 0’430. From these values the 
mobility of the chromic ion is estimated by various methods as 53, 
49 5, and 46‘3, and of these the first value is probably too high. 
The results indicate that the chromic ion is surrounded by a fairly 
large water sheath, although the various methods of calculating 
the magnitude of this give results which vary considerably. 

J. F. S. 

Anodic Peroxidation of Manganese in an Acid Medium 
in Presence of Silver Salts. Armando Rusconi {Arch. farm. 
spef. sci. aff.f 1919, 27, 94 — 96). — Wben 30% sulphuric acid con- 
taining a small proportion (0*05%) of manganous sulphate is elec- 
trolysed in a U-shaped voltameter with a potential difference of 
5_6 volts, the formation of traces of permanganic acid at the 
anode is observable after a few minutes. If, however, the solution 
contains also a few drops of saturated silver sulphate solution, the 
fonnation of permanganic acid at the anode is immediate an<f 
rapid. Similar results are obtained if the sulphuric acid is replaced 
by concentrated sodium hydrogen sulphate solution (compare Mar- 
shall, A., 1901, ii, 156; Scagliarini and Casali, A., 1913, ii, 181), 

T. H. P. 

Flowing Metal Vapour Arcs. EMtL Podszus {Zeitsch. Ekktro- 
chem., 1917, 23, 179 — 181). — A metallic vapour arc is described 
which will bum steadily and continuously in any atmosphere. The 
lamp consists of a large globe of glass or quartz open at the bottom 
and fitted with a narrow exit tube at the top. The wide opening 
at the bottom stands in an iron dish containing mercury, and 
through the bottom of which are three openings. A narrow glass 
tube for admitting gas passes through the first ; the second opening 
admits the cathode vessel, and the third the anode vessel. The 
cathode vessel is made of iron, and down the middle of it a tube 
of boron nitride passes; covering the top of the cathode is a plate 
of tungsten perforated by a narrow opening in the centre. The 
object of the boron nitride tube and the tungsten plate is to 
stabilise the arc and to prevent fluctuations of the mercury or 
amalgam which constitutes the cathode. The anode is a tungsten 
rod. The arc is struck by lowering the anode until it touches the 
cathode and then drawing it away. The arc produced i^^ a thin, 
quiet flame, which is affected in colour by the gases in the globe 
and by the metal used as cathode. In hydrogen the light ia 
greenish-white; in nitrogen bluish-white. All compound gases 
introduced into the arc were reduced; thus the solid element was 
obtained from boron trichloride and titanium tetrachloride, whilst 
calomel was also produced. J. F. S. 
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A New Method for the Rapid Determination of Critical 
Temperatures. Application to Carbonyl Chloride. L. 

Hackspill and Mathieu {Bull. Soc, chim., 1919, 25, 482 — 485). 
— A simple apparatus for the determination of critical tempera- 
tures consists of a cylinder of aluminium or copper about 25 cm. 
long and 5 cm. in diameter wound throughout its entire length 
with nickel wire, by which it is heated electrically. The liquid to 
be examined, contained in a thick glass tube, is placed in a hole 
in the axis of the cylinder, and can be viewed through a longi. 
tudinal slit in the cylinder. A second hole parallel to the first 
is provided for a thermometer. The critical temperature of 
carbonvl chloride was found to be 183 + 0*5'^ with this apparatus. 

E. H. R. 

The Critical Temperature as a Single Fimction of the Sur- 
face Tension, II. Maurice Prud’homme {J. Chim. Phys., 1919, 
17, 325 — 328. Compare this voh, ii, 183). The author deduces, on 
theoretical grounds, the equation, previously put forward {loc. cit.), 
connecting the surface tension with the critical temperature. The 
relationship is verified in the case of a number of organic liquids. 

J. P. S. 

The Equation of State of Ethyl Formate. E. Aries {Gompt 
rend., 1919, 169, 602 — 605). — The equation of state of ethyl 
formate, like that of ethyl acetate (compare this vol., ii, 360). 
satisfactorily represents the thermal properties of this fluid, except 
in so far as concerns the heat of vaporisation and the density of 
the vapour over a temj)erature range extending from the critical 
temperature to 35^ below it. W. G. 


Standardisation of the Sulphur Boiling Point. E. F. 

Mueller and H. A. Burgess (.7. Amer. Chem. Soc., 1919, 41, 
745 — 763). — The boiling point of sulphur as a standard tempera- 
ture has been investigated and the conditions under which it should 
be determined examined. The suggestion that the reflecting power 
of the inner surface of a radiation shield may influence the tempera- 
ture assumed by a resistance thermometer is confirmed. A number 
of shields, both of glass and porcelain, have been examined, and 
several satisfactory forms are described. The influence of the type 
of boiling apparatus on the observed temperature is found to be 
very small. The presence of 0-052^> of arsenic in the sulphur has 
no effect on the boiling point, but 0T0% raises the boiling point 
0*02°, 0*05% of selenium, together with 0*10% of arsenic, raises the 
boiling point 0-08®. and 0*10% of arsenic and 0*10% of selenium 
raises the boiling point O' 09^. The boiling point of pure sulphur at 
760 mnf. pressure is 421*73®. The vapour pressure over the range 
700 mm. to 800 mm. has been redetermined, and from these values 


an equation Tor cafculating the boiling point at various pressures 
is deduced. This has the form f =444*60-!- 0*091 0(p—760)-y- 
0'000049(p- 760)2. A resume of the conditions to be observed in 
determining the boiling point of sulphur for standardisation pur- 
poses is appended to the paper. J* E. S- 
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Determination of Boiling Points of Solutions. G. 

Cottrell (/. Awer. Ghem, Soc., 1919, 41, 721— 729),~A modiEed 
bDiUng'poiut apparatus is described for solutions whereby the con- 
ditions obtaining in the determination of the boiling point of pure 
liquids are imitated. In the present method, the Beckmann 
thermometer is placed in the vapour phase and the bulb coated 
^ith a thin film of the boiling liquid. The coating of the bulb 
with the boiling solution is effected by means of a narrow glass 
tube, which is placed in the liquid; this tube is funnel-shaped at 
the bottom and sealed at the top, but with a lateral hole just 
above the bulb of the thermometer. When the liquid boils, 
bubbles of vapour pass up the tube and carry boiling liquid into 
a cup through a loosely fitting opening in which the stem of the 
thermometer passes, the liquid flows over the bulb, and slowly 
drips back into the solution. It is claimed that this arrangement 
entirely removes errors due to superheating and yields accurate 
results extremely readily. ^ ‘ j, y. S. 

‘Laws of Concentrated Solutions. VI. The General 
Boiling-point Law. Edward W. Washburn and .Toiin W. Read 
(./. Amer. Ghtm. Soc,, 1919, 41, 729— 741).— The boiling points of 
concentrated solutions of naphthalene and diphenyl in benzene 
have been determined by means of the Cottrell boiling-point 
apparatus (preceding abstract). In the determinations, two pieces 
of apparatus were used, in one of which the pure solvent was kept 
continually boiling, and in the other the solution, so that the 
elevation of the boiling point was read directly and was inde- 
pendent of slight pressure changes. The apparatus was further 
modified by the addition of a side-tube, from which quantities of 
the solution were extracted for analysis. In the present case, the 
analysis consisted in determining the density of the solution at 
26^ and calculating the composition by means of an empirical 
equation connecting density and composition. The boiling-point 
law for ideal solutions and the connexion between the boiling- 
point elevation and the barometric pressure are considered. It is 
also shown how the molecular weight of a dissolved substance 
which undergoes solvation may be calculated from the elevation of 
the boiling point. J. F. S. 

Molecular-weight Determination by Direct Measurement 
o! the Lowering of the Vapour Pressure of Solutions. Robert 

Wright (T., 1919, 115, 1165—1168). 

The Evaporation of Concentrated and Saturated Solu- 
tions of Ammonium Nitrate, Vapour Pressures, Heats of 
Solution, and Hydrolysis. E. B. R, Pridfaux and R. M. Caven 

Soc. Ghem. Ind., 1919, 38. 353 — 355t). — The vapour pressures 
of 47*8%, 60-4%, and saturated solutions of ammonium nitrate 
have been measured between 40° and 100°. In 60*4% solutions, 
which are about saturated at the ordinary temperature, the 
pressure still rises rapidly with rise of temperature, but the 
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pressuies of saturated solutions are low, being no more than 17 -cm. 
at 100 ®. The heats of evaporation, calculated from the vapour 
pressures, are, in the case of unsaturated solutions, about 50 cal. 
lower than that of water at the same temperature, and appear to 
reach a maximum at some temperature between 60® and 70®. The 
maximum is more pronounced with saturated solutions, occurring 
at about 60° with a latent heat of 400 to 450 cal. 

When ammonium nitrate solutions are evaporated in contact 
with iron, there is considerable loss of ammonia and corrosion of 
the iron by the hydrolytic nitric acid. In acid-resisting vessels or 
vessels of aluminium, the loss of ammonia through hydrolysis is 
almost entirely obviated. E. H. R. 

Improved Apparatus for the Estimation of Vapour 
Pressures, Allan Morton {J. Soc. Chem. Ind,, 1919, 38, 
303 — 364t). — D i^culties having arisen in the determination of 
the vapour pressures of certain organic liquids on account of the 
solvent action of these liquids on the lubricants employed for the 
■stopcocks, an apparatus was devised in which taps were entirely 
avoided. The apparatus took the form of a U-shaped baro- 
meter with a bottom mercury reservoir. To the top of each 
barometer tube was fused a capillary tube, which was bent down- 
wards with its end dipping into a mercury cup. The mercury 
having been thoroughly cleaned and dried, a sample of the liquid 
of which the vapour pressure was to be determined was placed in 
one of the two mercury cups, and, by suitable manipulation of the 
bottom reservoir, drawn up into one of the arms of the barometer. 
The difference between the mercury levels in the two arms was a 
measure, of course, of the vapour pressure. E. H. R. 

The Vapour Pressures of Mixtures of Ether and 
Sulphuric Acid. Alfred W. Porter (Trans. Faraday Soc., 
1919, 14, 280).— A correction to some remarks made by the author 
in a discussion on a paper by F. H. Campbell (A., 1916, ii, 83). 

E. H. R. 

Use of Coal as a Substitute for Talcum to Induce 
Rapid Boiling. E, C. Kendall (/. Amer. Chem. Sac., 1919, 41, 
1189 — 1190). — Small, compact pieces of anthracite serve excel- 
lently for bringing about rapid boiling of liquids and solutions, and 
also for preventing the bumping in Kjeldabl flasks. Powdered 
anthracite has not the same action, and anthracite which has been 
kept in water for some time loses its efficacy, but after baking for 
some time tbe efficacy is regained. J. F. S. 

The Occlusion" of Gases by Metals. Introductory Ad- 
dress to General Discussion. Sir Robert Hadfield (Trans. 
Faraday Soc., 1919, 14, 173— 191).— A historical account of the 
subject, witb special reference to the effect of occluded gases in 
steel castings. A bibliography is appended. E- B* 
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General Remarks on [Occliision of Gases in Metals, 

Alfred W. Porter (Trans. Faraday Soc., 1919, 14, 192—197). — 
The term ‘‘ occlusion probably covers a number of different 
phenomena which may take place either singly or in conjunction. 
These can be enumerated under six heads : first, chemical combina- 
tion of gas with nietal, for example, hydrogen with sodium, 
potassium, or palladium ; secondly, simple solid solution, either 
separately or in conjunction with the first; thirdly, solid solution 
in contiguous phases; fourthly, solution accompanied by surface 
adsorption; fifthly, surface condensation under molecular forces, 
unaccompanied by solution; sixthly, inclusion, as when large or 
minute bubbles become entangled in the molten, viscous mass. 
The work of earlier investigators on occlusion, particularly the 
occlusion of hydrogen by palladium, is discussed from the point of 
view of this classification of the phenomena. The influence of 
condensed gases on the Volta effect is also discussed. E. H. R. 

The Physical Properties of Metals as Affected by their 
Occluded Gases. Cosmo Johns (Tmns. Faraday Soc., 1919, 14, 
198 — 201).^ — To explain the profound effect of occluded gases on the 
physical properties of metals, for instance, the rendering brittle of 
iron or copper by hydrogen, the following theory is proposed. As 
a working hypothesis, it is assumed that hydrogen is soluble in the 
molten metals, but insoluble in the solid, and the theory is adopted 
that the tenacity of solid metals and the strength of the crystal 
boundaries are due to the presence of amorphous material, that is, 
an under-cooled liquid, which. sen.^es to cement the crystal grains 
which compose the solid mass. This intercrystalline matter must 
contain more hydrogen in solution than the solid metal can hold, 
and it is therefore at the crystal boundaries that the change in 
properties occurs, and the brittleness of the whole mass is ex- 
plained. Relatively small quantities of gas dissolved in the inter- 
crystalline material might thus cause profound changes in the 
properties of the metal. 

The carbon monoxide and carbon dioxide found occluded in 
steel are probably formed by interaction of dissolved oxide of iron 
and carbon at the particular temperature when iron oxide, being 
thrown out of solution as freezing progresses, becomes concentrated 
in the mother liquor between the growing crystals and reacts with 
the carbon which has not suffered the same concentration. The 
gases would thus become concentrated in the intercrystalline layers, 
and would have the same effect as the hydrogen in copper and 
iron. Such data as are available on the physical properties of 
metals or alloys all refer to metals containing unknown quantities 
of occluded gases, which may profoundly modify their properties, 
and consequently knowledge of the properties of pure metals, if 
such can be obtained, is lacking. E. H. R. 

Theories of Occlusion : the Sorption of Iodine by Carbon. 

J. W. McBain (Tram. Faraday Soc,. 1919, 14, 202 — 212), — The 
term “sorption” is employed to include the phenomena of adsorp- 

18 » 
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tion, absorption or true solid solution, and chemical reaction, all 
of which may accompany the fixation of a gas by a solid, and the 
occlusion of gases by metals is considered as a special instance of 
the process of sorption. The three processes involved in the 
phenomenon of sorption differ widely in their time relationships. 
True adsorption • is nearly instantaneous, whilst absorption should 
obey Fick's diffusion law, commencing with a very high velocity 
for the first few moments and rapidly falling off with time. 
Chemical reaction may show the most varied time relationships, 
since it often proceeds vigorously in surface films as well as in solid 
solution. Since the occlusion of gases is hastened by rise of 
temperature, it is reasonable to conclude that the phenomena 
involved are largely those of diffusion, that is, of absorption rather 
than adsorption, whilst chemical reaction may play a prominent 
part. 

It was shown by Davis (T., 1907, 91, 1666) that the sorp- 
tion by carbon of iodine dissolved in benzene, toluene, and 
other solvents consists of a surface condensation and a diffusion 
into the interior. The surface condensation is nearly instantaneous, 
whilst the diffusion proceeds for weeks or months. After an 
interval of eleven years, the experiments set up by Davis have 
been re-examined, and the sorption due to the slow diffusion of 
the iodine into the charcoal is found to be still continuing. Fresh 
experiments extending over four years have also confirmed Davis’s 
results. F. H. B. 

Balanced Reactions in Steel Manufacture . Andrew 
McCance (Trans, Faraday Soc., 1919, 14, 213 — 223). — A dis- 
cussion of the equilibrium conditions in the open-hearth furnace 
during the manufacture of steel. The distribution of ferrous 
oxide between the steel and the slag and the influence of the 
furnace gases are particularly considered. E. H. B. 

A Few Suggestions on the Theories of Occlusion of 
Gases by Metals. J. H. Andrew (Trans. Faraday Soc.^ 1919, 
14, 232—239). — From a consideration of the experimental 
evidence available, it is concluded that the occlusion of hydrogen 
by palladium is dependent on the presence of the active, amorphoiw 
form of the metah Palladium in the crystalline state, free from 
contamination by the amorphous phase, is inactive towards 
hydrogen in the cold, hut can be rendered active by continually 
pumping in and extracting gas from the metal, this treatment 
giving rise to the amorphous form. An amorphous layer of the 
metal will act as a vehicle for conveying the gas into the crystal- 
line metal, the adsorbed layer of gas acting as a layer of extreme 
concentration and exerting the same effect as a high external 
pressure. In the occlusion of hydrogen by iron, the amorphous 
phase, in this case the intercrystalline cement, probably plays a 
prominent part. For instance, when a piece of wrought iron is 
immersed for some time in a saturated solution of sodium hydr- 
oxide at 100*^, the mass becomes brittle, because the gas is absorbed 
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more rapidly in the amorphous intercrystalline layers than by the 
crystals themselves, and the expansion of these layers forces the 
crystals apart and weakens their cohesion. After remaining longer 
in the sodium hydroxide, the iron loses its brittleness, because the 
hydrogen gradually diffuses into the crystals from the intercrystal- 
line cement. Electrolytic iron, being already saturated with 
hydrogen, is unaffected by sodium hydroxide. It is concluded that 
diffusion and occlusion are more or less identical, and can he 
explained by simple physical laws without reference to chemical 
combination. E. H. R. 

Solutions. A. Reychler (J. Chim, Phys., 1919, 17, 209—265). 
—A theoretical paper in which many of the properties of solutions 
are considered. On the basis of Perrin's value of N, the Avogadro 
number, it is calculated that the mean kinetic energy of one mole- 
cule at 0 ° is 0-5 X 10-^3 ergs, and that the charge e of one electron 
is 4 ’2 X 10- electrostatic units. An explanation of the mechanism 
of osmotic pressure is evolved, and a method of interpreting certain 
anomalies observed in osmotic pressure values is indicated. The 
author has developed the formulae for calculating molecular weights 
from boiling-point elevations and freezing-point depressions on the 
basis of the vapour pressure formula. The nature of ionisation is 
considered, and it is shown that the ionic equilibrium is a condition 
of balarme between the disruptive forces of the water and the 
attractions of the ions for one another, which, being of an electrical 
character, are never entirely eliminated, since they can act over 
a distance. A connexion is established between ionisation and an 
adsorption phenomenon. The reasons for the variation of the 
index in the dissociation laws of Storch and Noyes are considered, 

J. F. S. 

Uni^e Case of a Liquid that EKhibits a Minimum Solu- 
bility in an Unstable Region. Marston Taylor Bogert and 
Jacob Ehrlich (J. Amer, Chem. Soc., 1919, 41, 741 — 745). — On 
cooling a clear solution of the monohydrate of 3 1 5-d im ethoxy aceto- 
phenetidide in boiling water, there appeared a cloud of minute 
drops, which disappeared on further cooling, with the formation 
of a clear solution; from this, on continued cooling, white crystals 
eventually separated. To ascertain the nature of this behaviour, 
the solubility of this compound has been determined over the 
temperature range 21*8 — 173*6°. It is shown that the solubility 
increases with rise of temperature up to 87*5°, when the solid in 
contact with the solution melts. The solubility of the liquid 
hydrate increases more rapidly with further rise of temperature. 
Below 87*5°, the solubility of the liquid hydrate decreases with 
falling temperature until a point somewhere between 68*5° and 
08 * 1 ° is reached, when it again increases. Hence the liquid 
hydrate has a minimum solubility at about 63°. The following 
solubilities in molecular percentages are recorded. (1) The solid 
Mrate: 21*8°, 0*010; 39*4°, 0*020; 57*0°. 0*046; 69*5°, 0*076; 
72*8°, 0*091; 77*1° 0*120; 80*2° 0*151; 84*2°, 0*203; 86-0°, 0*237 ; 

2 
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86*9^ 0*257. ( 2 ) The liquid hydrate: 36*6® 0*301; 45*6®, 0*257 • 
58*10, 0*237; 68*5o, 0*237; 84*3o, 0*257; 99*8o, 0*303; llMo’ 
0*361; 118*4°, 0*407; J29*2° 0*499; 173*6°, 2*041. J. F. S. ’ 

Intermediate and Complex Ions. V. The Solubility 
Product and Activity of the Ions in Bivalent Salts. William 
D. Harkins and H. M. Paine {J. Amtr, Ckem. Sac., 1919, 41, 
1155 — 1168. Compare A., 1917, ii, 77). — In previous papers (loc[ 
cit,) it is shown that salts of tri-ionic and higher types ionise in 
steps and give, even in 0 *lA-solutions, a large number of inter- 
mediate ions. In the present paper, the ionisation of salts com- 
posed of a bivalent cation and anion are considered. For this pur- 
pose, the solubility of calcium sulphate in water, and in solutions 
of copper sulphate, magnesium sulphate, and potassium nitrate, has 
been determined at 18° and 25°. The equivalent conductivity of 
various concentrations of the four salts and of the solutions of 
calcium sulphate in the others has been determined at the same 
temperatures, as well as the densities, The results show that the 
solubility relations of calcium sulphate when common ions are added 
are very similar to those of the higher type salt®. This indicates 
the probability that comple.x ions, such as Ca( 804 ) 0 ^^ and Ca^SOt” 
are present in the solutions. These complex ions differ from what 
are usually considered under this title, since they are prq^nt to a 
considerable extent in dilute solutions, so in this sense they are 
more like intermediate ions. If it is assumed that such complex 
ions are absent, the solubility product, calculated on this basis, is 
found to increase with great rapidity as the concentration 
increases; thus, if the total ion concentration increases from 0'02i\' 
to O’lO.V, the solubility product is trebled, so, if only simple ions 
are present, this activity decreases very rapidly with an increase 
in concentration. On the other hand, the solubility found for the 
un-ionised part, on the basis of this assumption, remains much 
more constant than in the case of uni-ii nival ent salts. The change 
in the slope of these curves is in the direction which is to be 
expected if complex ions are present. The percentage concentra- 
tion of such complexes is much higher in copper sulphate solutions 
than in magnesium sulphate solutions at the lower concentrations. 

J. F. S. 

Reciprocal Solubility of Mixtures of Water, Alcohol, and 
Ether. A. Boutin and A. SANFOURcns {Bull, Soc. chim., 1919, 
[iv], 25, 458— 463).— The solubility of water in ether varies hut 
little with temperature, but that of ether in water falls from 12 * 2 % 
at - 3*3°, the freezing point of water saturated with ether, to 4*0% 
at 35 °. By adding one constituent to mixtures of the other two 
of known composition at 15° until two layers were just formed or 
just disappeared, ‘limiting values were obtained for a series oi 
ternary mixtures of varying composition. The results are con- 
veniently plotted on a triangular diagram, each corner representing 
100% of one constituent. A curve is obtained dividing ® 

into two zones, the one representing homogeneous and the otner 
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heterogeneous mixtures. By drawing tangents to the curve from 
the points representing pure ether and pure water, the homo- 
geneous zone is divided into six areas. One of these represents 
mixtoes which cannot be made heterogeneous by addition of one 
constituent; two represent those which can only be made hetero- 
geneous by addition of ether ; two others represent those which 
can only be made heterogeneous by addition of water; whilst the 
last area represents mixtures which can be separated into two 
layers by either water or ether. No homogeneous mixture can be 
made heterogeneous by addition of alcohol alone. E. H. R. 

Crystal Lattices and Bohr’s Atom Model. L. Vegard 
(Ber. deut. phy$ikal. Ges,, 1919, 21, 383— 385).— A short criticism 
of a paper by Bom and Lande (this vol, ii, 188), in which the 
author states that some of the views expressed in the paper, and 
others attributed to Sommerfeld (A., 1918, ii, 303) were in rklity 
put forward by him at an earlier date (A., 1918, ii, 93, 94, 144), 
and in consequence he claims priority. ’ J, p. g. 

Crystal Lattices and Bohr’s Atom Model. M. Borx and 
A. Land6 (Ber, deut, pkysikal, Ges., 1918, 21, 385—387. Compare 
preceding abstract). — An answer to Vegard’s criticism {loc, cit.), in 
which the authors allow the priority claim in some respects, but 
maintain their own in others, j. p. g. 

An Experiment Relating to Atomic Orientation. -T. R. 

Merton^ {FhiL Mag,, 1919, [vi], 38, 463— 464).— On the two 
assumptions, first, that the axes at right angles to the planes of the 
rings of electrons in the atom are orientated in a regular manner in 
a crystal structoe, and, secondly, that the direction of expulsion 
of a- and i3-particles from a radioactive atom is also related in some 
regular manner to this atomic axis, there should be a difference iu 
the o- and jS-activities of different faces of certain crystals of radio- 
active substances. The a-activities of three different faces of large 
crystals of uranium nitrate have been tested and found to be the 
same within tlie error of measurement, so showing that at least one 
of the two assumptions is incorrect. It is considered the more 
probable that the a-rays are shot out of the nucleus without regard 
to the orientation of the atomic axis. F. S. 

Colloid Chemistry and its General and Industrial Applica- 
tions. Second Report. F. G. Donxan, W. C. M. Lewis, E. F. 
Armstrong, Adrian J. Brown, C. H. Desch, E. Hatschek, H. R. 
Procter, W. Ramsden, A. S. Shorter, H. P. Stevens, and H. B. 
Stocks {Rep, Brit, Axsoc., 1918, 1 — 172). — The present report con- 
sists of articles on the following subjects : (i) Peptisation and pre- 
cipitation (pp. 15), Wilder D. Bancroft; (ii) Emulsions (pp. 5), 
E. Hatschek; (iii) The Liesegang phenomenon (pp. 6), E. Hatschek; 
(iv) Electrical endosmose, I. (pp. 14), T. R. Briggs; (v) Electrical 
endosmose, II. (pp. 14), T. R. Brig^: this article deals with de- 
watering of peat and clay, electrical tanning, preservation of 
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timber, manufacture of bricks and electro-therapeutics; (vi) Colloid 
chemistry in the textile industries (pp. 18), W. Harrison; (vii) Col- 
loids in agricultural phenomena (pp. 12), E. J. Russell; (vhi) 
Sewage purification (pp. 15), E. Ardern ; (ix) Colloid problems in 
dairy chemistry (pp. 22), W. Clayton; (x) Colloid chemistry in 
physiology (pp. 38), W. M. Bayliss; (xi) Administration of colloids 
in disease (pp. 18), A. B. Searle. J. F. S. 

Vibration and Syneresis of Silicic Acid Gels. Harry N. 
Holmes, Wilford E. Kaufmann, and Henry O. Nicholas {,/' 
Amer. Chem. Soc., 1919, 41, 1329 — 1336). — The tones produced by 
vibrating silicic acid gels have been investigated. Silicic acid gels 
were made which on tapping in thin-walled glass tubes produced a 
tone two octaves above middle C, Such gels vibrate as rigid solids 
but tension is an important factor. That the gels are under con- 
siderable tension is shown by their great contraction in vaselined 
tubes. Contracted gels removed from vaselined tubes have a lower 
vibration frequency than similar gels adhering to the walls ot 
tubes of equal diameter. Since vibration frequency varies inversely 
as the diameter of the gel column, tension must exert some influ- 
ence on pitch. Vibration frequency varies directly as the concen- 
tration of silicic acid, increases with excess of mineral acid, and 
decreases with excess of organic acids, Syneresis (separation of 
aqueous solutions from highly hydrated gels) increases with increase 
in concentration of silicic acid, increases with excess of mineral 
acids, and decreases wdth excess of organic acids. For acid gels the 
factors which increase vibration frequency also increase syneresis. 
Vibration and syneresis are directly related to tension, but basic 
gels are abnormal in this respect, Syneresis varies directly as the 
free surface. When gels contract in vaselined tubes far more liquid 
separates than from equal volumes of gel in plain tubes to which 
the gel adheres. J. F. S. 

Influence of the Age of Ferric Arsenate on its Peptisation. 

Harry N. Holmes and Paul H. Fall (/. Amer. Chem. Soc., 1919, 
41^ 713 — 717).~Determinations have been made of the amount of 
a 5. y -solution of ferric chloride solution required to peptise 1’32 
grams of ferric arsenate of various ages. The arsenate was pre- 
pared in bottles by adding 3 c.c, of d.V-ferric chloride solution to 
17‘6 c.c. of fl//5-disodium arsenate solution and shaking vigorously 
for three minutes. The samples were then preserved, and after 
measured intervals were treated with ferric chloride solution and 
vigorously shaken until, by the trial method, the minimum quan- 
tity of ferric chloride required for peptisation was found. The 
experiments were made with ferric arsenate of ages varying up ^ 
fifty-six days. It^is shown that the amount of ferric chloride 
required increases rapidly if the precipitate is allowed to age before 
peptisation — up to an age of one or two days. After this there is 
only a very small increase in the amount of ferric chloride 
even if the precipitate is kept a month before peptisation. Ine 
explanation of this behaviour is found in a decrease in hydration 
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of th6 precipitate — rapid during the first day and slow afterwards ; 
also in the formation of larger aggregates with a consequent 
decrease in the external surface of the particles. Both influences 
retard diffusion of a solution of a peptisi ng agent and greatly check 
the rate of peptisation. A few experiments, using ammonium hydr- 
oxide and sodium hydroxide as peptising agent, led to similar 
results. J. F. S. 

Jellies [formed] by Slow Neutralisation. Harry N. Holmes 
and Paul H. Fall (J. Amer, Chem. Soc., 1919, 41, 763 — 764). — 
Clear gels of ferric arsenate, peptised by ferric chloride, can be pre- 
pared by entirely filling a bottle with the sol, covering the neck with 
a piece of gold-beaters’ skin, and placing in a tube attached to the 
neck 2 c.c. of A-ammonium hydroxide, 2 c.c. of saturated calcium 
hydroxide solution, or 2 c.c. of sodium acetate solution. The base 
diffuses through the membrane and neutralises the free acid slowly 
enough to allow of the formation of a perfect gel structure. 

J. F. S. 

Calculation o! the Equilibrium Constants in the Deacon 
Process. W. D. Treadwell {Zeitnch. Elektrochem., 1917, 23, 
177 — 179). — A theoretical paper, in which, making use of known 
data and the dissociation constants of water and hydrogen chloride, 
the author shows that the equilibrium constants of the Deacon 
process are given by the expression log 6034/ T- 6‘972. This 
expression is trustworthy between 300° and 1800°, and the values 
are nearly correct at temperatures in the region of the atmospheric 
temperature. J. F. S. 

Influence of Substitution in the Components on the 
Equilibrium of Binary Solutions. VH. Binary Solutions 
Equilibria of a- and /3-Naphthylamine respectively with 
Nitro-derivatives of Benzene. Kobert KREM.ixx and Georg 
Gliasser (Monatsh.^ 1916, 37, 723 — 753. Compare this vol., 
ii, 275). — Fusion curves have been produced for the binary 
systems formed between o- and jS- naphthyl amine respectively and 
the three dinitrobenzenes, 2 : 4-dinitrotolucne, 1:3: 5-trinitro- 
benzene, the three mononitrophenols, and 2 : 4-dinitro phenol respec- 
tively. It is shown that neither a- nor i3-naphthylamine forms com- 
pounds with o-dinitrobenzene or o-nitrophenol ; jS-naphthylamine 
forms no compounds with 2 : 4-dinitrotoluene. Equimolecular 
compounds are formed between a-naphthylamin© and p-dinitro- 
berzene (m. p. 81‘8°), m-dinitrobenzene (m. p. 63’8°), 2:4-dinitro- 
toluene (m. p. 62°), m-nitroplienol (in. p. 5 6' 3°), p-nitro phenol 
(m. p. 68'2°), and 2 :4-dinitropheiiol (m. p. 104‘5°). A compound 
of unknown and undetermined composition is indicated in the 
system o-naphthylamine-trinitrobeiizene. Equimolecular com- 
pounds are formed between j8-naphtliylamine and p-dinitrobenzene 
(m. p. 91°), m-dinitrobenzene (m. p. 53‘3°), 1 : 3 : S-trinitrobenzene 
(m. p. 161°), m-nitrophenol (m. p. 63*5°), p-nitrophenol (m. p. 
Sl‘5°), and 2 :4-diiiitrophenol (m. p. 72'3°). In the case of the 
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compounds with the dinitrobenzenes, the range of existence is 
greater for the compounds with a-naphthyl amine than for those 
with j8*naphthylamine. J. F. S. 

Influence of Substitution in tbe Components on the 
Equilibrium in Binary Solutions. VIII. Kobekt KRSuiKy and 

Wilhelm Csanyi [Monatsh,^ 1916, 37 , 755 — 760. Compare pre- 
ceding abstract). — Fusion curves have been produced for the 
binary systems formed between )8-naphthylamine and the three 
dihydroxybenzenes. It is shown that i6-naphthylamine forms equi- 
molecular compounds with resorcinol (m. p. 77’6*^) and catechol 
(m. p. 8r3°). A compound (m. p. 141*7®) is form^ between two 
molecules of j8-naphthylamine and one molecule of quinol. 

J. F. S. 

Influence o! Substitution in tbe Components on the 
Equilibrium in Binary Solutions. IX. A Comparative 
Determination of tbe Degree of Dissociation of some 
Additive Compounds in Molten Condition. Kobert 
Kremann and Georg Grasser {Monatsh,^ 1916, 37 , 761 — 774. 
Compare preceding abstracts). — The degree of dissociation of the 
equimolecular compounds, formed by naphthalene, a-naphthyl- 
amine, j8-naph thy 1 amine, and aniline with various other substances, 
has been calculated. The calculation was carried out by means of 
the formula of van Laar, <% = + ^)]/[4(7’o- T)], in 

which To is the melting point of the pure compound, the degree 
of dissociation, T is the melting point of a mixture of the com- 
pound and its components in a concentration Xy and Qq is the total 
heat of fusion which is made up of the real heat of fusion and 
the heat of dissociation X. is detenuined experimentally from 
the initial direction of the fusion curve of the compound and an 
indifferent substance by means of the expression (dTjdx)- 
^RT^jQ^. As indifferent substances, p-nitro- 
toluene and nitrobenzene were used in the experiments. The fol- 
lowing values of Oq w’ere obtained: naphthalene-m-dinitrobenzene, 
0‘93; naphthalene-p-dinitrobenzene, 0*87; naphthalene-2 ; 4-di- 
nitrotoluene, 0*86; naphthalene-2 :4'dinitrophenol, 0*83; a-naph- 
thylamine-m-dinitrobenzene, 0*53; a-naphthylamine-2 : 4-dimtro- 
toluene, 0*58; o-naphthylamine-m-nitrophenol, 0*55; a-naphthyl- 
amine-p-nitrophenol, 0*56; a-naphthylamine-2 : 4*dinitropheiioi, 
0*28; jS- naphthyl am ine“7?i-dinitrobenzene, 0*88; jS-naphthylamine- 
TTi-nitrophenol, 0*55 ; jS-naphthylamine-p-nitrophenol, 0'54 ; /3 -naph- 
thyl amine- 2 : 4-din itro toluene, 0*61; aniline-m-dinitrobenzene, 0*23; 
aniline-2 : 4-dinitrotoluene, 0*67; aniline-phenol, 0*44; and aniline- 
m-cresol, 010. J. F. S. 

Influence of Substitution in the Components on the 
Equilibrium in Binary Solutions. XIX. Tbe Binary 
Systems of Antipyrine with Phenols and their Derivatives. 

Robert Kremann and Otpried Haas (Manatih,, 1919 , 40 , 
155 — 188. Compare this vol., ii, 275 ). — By means of melting- 
point curves, the binary systems, antipyrine and phenolic sub- 
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stances, have been investigated with the object, as in the previous 
commnmcations, of ascertaining the influence of substitution on 
the tendency of organic substances to form molecular compounds. 

In the present papers, the systems antipyrine with phenol, salicylic 
acid, a-naphthol, jS-naphthol, o-nitrophenol, p-nitrophenol, w-nitro- 
phenol, 2 ; 4-dinitrophenol, pyrogallol, catechol, quinol, and 
resorcinol have been examined and the fusion curves constructed. 

It is shown that an ^uimolecular compound is formed between 
antipyrine and salicylic acid, phenol, o-naphthol, and ^-naphthol 
respectively. In the case of the nitrophenols, antipyrine, as in 
other cases, forms no compounds with o-nitrophenol, but with 
p-nitrophenol three molecular compounds are formed, namely, 
two molecules of antipyrine with one molecule of p-nitrophenol, 
and one molecule of antipyrine with one and two molecules, 
respectively, of p-nitrophenol. In the cases of m-nitrophenol, pyro- 
gallol, and 2 : 4-dinitrophenol, only the melting-point curves of the 
pure components could be observed, owing to the extreme slow- 
ness of the crystallisation of the melt lying between them. There 
is little doubt that in these cases one or more molecular compounds 
exist but they could not be obtained. Catechol forms three mole- 
cular compounds with antipyrine, one molecule of the phenol to 
one and two molecules of antipyrine respectively, and two mole- 
cules of the phenol to one molecule of antipyrine. In the case of 
quinol, two compounds are formed, two molecules of antipyrine to 
one and three molecules, respectively, of quinol. J. F. S. 

Influence of Substitution in the Components on the 
Equilibrium in Binary Solutions. XX. The Binary 
Systems of Acenaphthene with some Nitro-derivatives of 
Benzene. Robert Krkmann and Otfrted Haas { Monatsh ,, 1919, 
40^ 189—204. Compare preceding abstract). — Fusion curves have 
been constructed for the binary systems formed between 
acenaphthene and the three dinitrobenzenes, 2 : 4-dinitrotoluene, 
the three nitrophenols, 2 ; -l-dinitrophenoi, and picric acid 
respectively. The systems acenaphtheiie-o-dinitrobenzene and 
acenaphthene-p-dinitrobenzene form no compounds, but simple 
eutectics; ■m-dinitrobenzene, on the other hand, forms an equi- 
molecular compound (m. p. 70-P). In the case of dinitrotoluene, 
an equimolecular compound is also formed (m. p. 57'5^). No com- 
pounds are formed between acenaphthene and the three nitro- 
pbenols, simple eutectics being formed in each case. An equi- 
molecular compound is forra^ between 2 : 4-dinitrophenol and 
acenaphthene (m. p. 86*^), and a similar equimolecular compound is 
formed between picric acid and acenaphthene (m. p. 151*5*^). 

J. F. S. 

Influence of Substitution in tbe Components on the 
Equilibrium in Binary Solutions. XXI. Tbe Binary 
Systems of Trimetbylcavbinol with Phenols and Amines 
respectively. Robert Kremann and Otto AA lk ( Monatsh .^ 1919, 
40, 205—236. Compare preceding abstract).— Fusion curves have 
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been constructed for the binary systems trimethylcarbinol and the 
three dihydroxybenzenes, o-naphthol, jS-naphthol, pyrogalbl 
/;-toluidine, the three phenylenediamines, a-naphthylamine and 
j3-naphthyl amine respectively. It is shown that two compounds 
are formed between catechol and trimethylcarbinol, namely^ 
between two molecules of catechol and one molecule of the alcohol 
(m. p. 69‘7°), and between two molecules of the alcohol and one 
molecule of catechol (m. p. 29®). In the case of resorcinol and 
trimethylcarbinol, two compounds are also formed, an equimole- 
cular compound (m. p. 45*8®) and a compound between two 
molecules of the alcohol and one molecule of resorcinol (m. p. 
47-3®). The volatility of trimethylcarbinol rendered the examin- 
ation of the fusion curve with quinol incomplete, so that nothing 
can be said of any compounds which may be formed in this case. 
Pyrogallol, a-naphthol, and ^-naphthol each form a single com- 
pound with trimethylcarbinol which melt at 56*2®, 1*0®, and 24® 
respectively. Trimethylcarbinol forms no compounds, but only 
simple eutectics with p-toluidine, m-phenylenediamine, and 
p-phenylenediamiue. Two compounds are formed between tri- 
methylcarbinol and 0-naphthylamine, namely, a compound between 
two molecules of the amine and one molecule of the alcohol (m. p. 
95*5®), and between one molecule of the amine and two molecule 
of the alcohol (m. p. 92®). In the case of a-naphthylamine, three 
compounds are formed, namely, between two molecules of the amine 
and one molecule of the alcohol (ra. p. 29*5®), one molecule of the 
amine and two molecules of the alcohol (m. p. 24*1®), and between 
one molecule of the amine and six molecules of the alcohol (m. p. 
16*0®). J. F. S. 


Influence of Substitution in the Components on the 
Equilibrium in Binary Solutions. XXII. The Binary 
Systems Triphenylcarbinol with Phenols and Amines 
respectively, Kobi-:rt Kremann and Otto Wlk {Monatsk, 1919, 
40, 237—258. Compare preceding abstracts).— Fusion curves 
have been constructed for the binary systems triphenylcarbinol and 
phenol, a-naphthol, 0-naphthol, quinol, catechol, resorcinol, 
p-toluidine, a-naphthylamine, and j3-naphthylamine respectively. 
It is shown that phenol, a-nai)hthol, and /3-naphthol form only 
simple eutectics, and no compounds with triphenylcarbinol. Tri- 
phenylcarbinol forms a single compound with two molecules of 
catechol (m. p. 82 0®) and with two molecules of quinol (m. p. 
151 ’6®). In the case of resorcinol, a reddish-brown substance of 
high melting point separates from the mixture when the concentra- 
tion of the mixture lies between 25% and 55% of triphenylcarbinol. 
This compound has not been further examined and is not a mole- 
cular compound. No molecular compounds are formed between 
triphenylcarbinol and p-toluidine, a-naphthylamine and ^-naphthyl- 
amine, respective! V. simple eutectics l>eing formed in each case. 

J. F. S. 
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Iiitorchango of Basos in Pormutite. Gsrtbud Kornfeld 
{ZeiUch. Elektrochem., 1917, 23, 173—177. Compare A., 1918, 
li, 315).— -The replacement of sodium in sodium permutite by silver, 
and the replacement of silver in silver permutite by potassium, 
barium, and ammonium have been studied. It is found that 
shaking permutite with solutions of the various salts for twenty 
minutes is sufficient to complete the interchange. In all cases 
except the replacement of silver by barium, the concentration of 
the solution has no effect on the amount of change. The change 
between sodium permutite and silver is represented by the equation 
^ = I the indices P and L denoting, 

respectively, permutite and solution. In the case of silver per- 
mutite and ammonium nitrate, the reaction is represented by 
(Ag;./[MH4 ];.)’ X ([NH^jAgt) = 37-7. The replacement of 
silver by potassium is given by the equation 

[AgpIKpY"^^ X = const. = 9-9, 

and the replacement of silver by barium by the formula 

1^5 = (Ag,/.,/Ba,)^■«x(,yBaJAg,y 

The various theories put forward to explain the above-mentioned 
interchange are discussed in the paper. J. F, S. 

WoUastonite (CaOfSiOs) and Related Solid Solutions in 
the Ternary System Lime-Magnesia-Silica. J. E. Ferguson 
and H. E. Merwin {Amen ./. Set., 1919, [iv], 48, 165— 189).— A 
continuation of work previously published (this voL, ii, 401). In 
the present paper, the solid phases of the ternary system lime- 
magnesia-silica are examined. The solid phases were obtained by 
preparing glasses of the desired composition and crystallising at 
low temperatures. The solids obtained were heated at various 
temperatures and the changes noted. The results confirm the 
earlier work with regard to the wollastonite-diopside solid solu- 
tions, namely, that wollastonite will take up a maximum of 17% 
of diopside to form solid solutions. The existence of solid solu- 
tions of pseudowollastonite-diopside containing a maximum of 16% 
of diopside is confirmed. A new compound, 5CaO,2MgO,6Si02, is 
described. Solid solutions of ilkcnnanite (or perhaps of an un- 
stable compound, 3Ca0,hIg0,3Si03) in both wollastonite and 
pseudowollastonite are shown to exist. The wollastonite solutions 
extend to a composition containing between 60% and 70% of i\ker- 
manite, and the pseudowollastonite solid solutions extend to a com- 
position containing about 23% of the same compound. It is shown 
that an area exists in wbicli the wollastonite-diopside, wollastonite- 
nkermanite, and wolIastonite-5CaO,2MgO,GSi02 solid solutions are 
all capable of existence. The decomposition temperatures on this 
area between the 17% diopside solid solution and the compound 
5CaO,2MgO,6Si02 pass through a minimum. The compound 
5CaO,2MgO,6SiO,» decomposes at 136")°, and the 17% diopside solid 
solutions at about 1340°, whilst pure wollastonite undergoes 
inversion at 1200®. 
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Further, the inversion temperatures and decomposition tempera- 
tures of the solid solutions of silica and the compound SCaOjSSiOj 
were studied. The results are discussed generally, and diagrams 
and models to represent the system are drawn. J. F. g. 

Graphic Representation of Systems of the Form 
a^l)^c in Triangular Co ordinates and a [Method oil 
Presentation of the Phase Rule. Wa. Ostwald {ZeiUck^ 
MeUrochem., 1919, 25, 251— 254).— A mathematical paper in 
which the representation of systems of the form a-f5 = c on tri- 
angular co-ordinates is considered. The use of such a co-ordination 
system for the general representation of phase-rule problems is 
discussed. J. F. S. 

Theory of Detonation. R. Beckbr {Zeitsch, Elektrochm,^ 
1917, 23, 40 — 49). — The theory of detonation is developed mathe^ 
matically, and from the equations deduced the following values are 
calculated, which are of the same order as the experimentally deter- 
mined values : for a detonation temperature of 2000° with glyceryl 
trinitrate, a detonation pressure of 92,500 atms, is set up and the 
detonation proceeds through the mass with a velocity of 7230 
metres per sec.; for 2500° the corresponding figures are 110,500 
atm. and 7930 metres per sec. J. F. S. 

Development of Atomism. I. Giua {Gazzetta, 1919, 
49, ii, 1 — 42). — A historical essay with the headings: Genesis of 
atomism; precursors of atomism in Greece; doctrine of the ele- 
ments: Anaxagoras and Eiupedooles; the atomistic system: Leu- 
cippus and Democritus; Pbito and Aristotle; atomism of Epicurus; 
atomistics in the poem of Lucretius; atomistics in the Middle Ages; 
Arabic atomism. T. H. P. 

Harmony of the Atomic Weights. Eduard Schmiz {Bn., 
Devt. pharm, Ges., 1919, 29, 504— 518).— The author calculates 
numerical relationships between the atomic weights of the elements. 
These relationships are the same as those which exist between the 
sides, hypotenuse, and radius of the inscribed circle of an isosceles 
right-angled triangle, and the radius of the circumscribed circle 
round the squares erected on the sides of the triangle. The ratios 
of the named lines are v^2/2:l:(V2-l)/2:v^5/2. in 

twelve cases it is shown that the ratio of the atomic weights of 
pairs of elements in the same group of the periodic system is 
V6:v^2; in nine other cases the ratio is \/5:\/5-l,^ In several 
cases contiguous elements in the same series exhibit the ratio 
v'5/2 : (2 V2 - 1)/2. Other relationships of a similar character are 
also given. J. F. S. 

Law of Multiple Proportions. E. Puxkddu (Oazzetta, 1919, 
49, i, 203 — 208). — The various forms in which the law of multiple 
proportions is expressed, including the new statement of this law by 
Ralareff (A., 1918, ii, 15), are discussed. It is shown that the law, 
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usually illustrated by means of the oxides of nitrogen and by a few 
other inorganic and organic groups of compounds, possesses an 
intrinsic significance different from that commonly attributed to it, 
and that the new mode of enunciating it is a necessary consequence 
of various principles of general chemistry, and does not correspond 
exactly with the original enunciation. T. H. P. 

Determination of Molecular and Atomic Weights ; the 
Density of Gases under Normal Conditions and Critical 
Constants. J. J. van Laar (7. Chim. Phys.y 1919, 17, 266—328). 

critical consideration of the methods of calculating atomic and 

molecular weights of gases from purely physical data. It is shown 
that for the majority of gases, on the assumption that u = oo , 

^ ^ where a = BT^. At 

0° 5^0 = 1 and = and 6^= (6^)^ . e^rc-i. On reduc- 

ing Ore and be of the volume Vc to the volume 1^=00^, the values 
become (ac)„ = and (bc)„ = where <j) is given by the ex- 
pression 4> = 1 + €Tc, in which e has a value 54 x 10"^ for substances 
with a critical temperature below 300° Abs. and 43 x 10-® for sub- 
stances with a critical temperature above 300° Abs. This differ- 
ence may probably be expressed by an expression of the type 
= The value € = 43x10“^ may, however, always be 

used, since the value of Bq is nearly always relatively very small for 
substances with a critical temperature below 300° absolute, so that 
this value has little influence on the value of if. The function 
often appears too large for diatomic gases, and in this case it may 
be retained if a,=\RTt is employed. In the majority of cases where 
the critical temperature is above 300° 5^,= 60-^0= (^c- 

X (l-hO’OOOISTc)- In this formula b^ may be calculated 
from the expression hc — UTd^Pc, and a,, fiom BTey.be'X 
27/8 : A, where the correcting factor A is obtained from the formula 
\=27/(87“ l)[7/(y + l)p and 2y = 1 + 0*038 >/ T,;. In the case of 
abnormal substances ac and may not be calculated by the above 
simple formulae, but by means of much more complicated formulae 
which are developed in the paper. The formulae put forward are 
used to calculate the atomic w^eights of carbon, xenon, nitrogen, 
helium, hydrogen, neon, argon, and krypton from physical data, and 
vield values in excellent agreement with the accepted values. 

J. F. S. 

Single Deflexion Method of Weighing. Paul H. M.-P. 
Brinton (J. Amer, Chem, Soc.^ 1919, 41, 1151 — 1155). — To use 
this method, the balance is given a j>ennanent overload on the left 
arm by screwing the adjusting nut on one end of the beam until, 
when the beam and pans are released, the pointer swings out 3 to 7 
divisions to the right. The pan arrests must be so adjusted that 
there is no lateral vibration of the pans when released, and the 
method may not be used with balances in which the beam and pans 
are released by a single operation, such as the turning of a single 
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milled head or lever. In making a measurement after freeing the 
beam, the pans are released by a gentle, steady motion, the pointer 
swings out to the right, and the turning point of the single swing 
is taken as the zero of the balance. To obtain the weight of any 
object, it is counterbalanced by weights until on releasing the pang 
the pointer swings out to the same point. A number of readings 
made by the author and by students are given to show that exceed- 
ingly rapid weighing to witliin O'l mg. is possible by this method. 

J. F. S. 

Self-acting Mercury Pump . A. Stock {^eiisck. Elektrocfiem., 
1917, 23, 35— 40).— A self-acting mercury pump, on the Toepler 
principle, is described, which permits the collection of the gases 
pumped off. The movable mercury reservoir is replaced by a strong 
three-necked bottle into which the foot of the pump enters. The 
mercury is raised by means of air or carbon dioxide under pressure 
until the pump is full, then by means of valves actuated by the 
mercury, the pressure is cut off and the mercuiy falls again. The 
pump has the advantage, in addition to the ease of operation, that 
the mercury does not become contaminated with impurities from 
rubber connexions betw'een its two main parts. J. F. S. 

Greaseless Valve for Gas Work. A. Stock (Eeitsck, Elektro- 
chem., 1917, 23, 33— 35).— A modiffcation of the floating valve 
previously described (A., 1915, ii, 339) is given in the paper. This 
consists of a pair of narrow tubes ground to fit a constriction in 
each of two parallel tubes. On raising a mercury reservoir con- 
nected with the tubes the valves are raised and close the apparatus. 
The action is similar to that of the valve in a Toepler pump. Three 
forms of valve are described which are designed for use in working 
with gases which have chemical action on the lubricant used with 
f^lass taps. These valves are made of a porous material which will 
allow the passage of gases, but not of mercury, so that when the 
valve is in contact with mercury no gas may pass. The valves are 
fitted into the glass parte of apparatus by ground joints. These 
valves may be used in the production of high vacua, and they 
exhibit no tendency to absorb gases. They are rather slow in 
action; thus the pressure in a 1350 c.c. flask filled with air was 
reduced from 760 mm. to 391 mm. in five minutes, to 189 mm. in 
fifteen minutes, 73 mm. in thirty minutes, and to 0-0006 mm. in 
ten hours by means of a mercury pump fitted with a double valve 
of the type described. 

Gas Washing and Absorption Apparatus. Fritz Fbiedricp 
(Zeitsch. angew, Chem., 1919, 32, 252— :^56).— The author dis- 
cusses the properties of some thirty different forms of gas-wasning 
and gas-absorption apparatiis which have been described since t e 
first Woulfe’s bottle was used for the purpose. He considers that 
only those forms which have a “serpentine" principle ensure com- 
plete washing or absorption of a gas under reasonable ^ 
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Simple Distillation and Extraction Apparatus . H. W. van 

Urk {Vharm. Weekhlad, 1919, 56, 1301— 1303).— A description, 
illustrated by a diagram, of a simple apparatus which may be used 
alternatively for direct distillation or extraction. W. S. M. 


Inorganic Chemistry. 


An Electrolytic Hydrogen Generator for the Laboratory. 

L, D. Williams (7. Soc. Chem. Ind., 1919, 38, 355t).— The cell 
consists of a filter flask of 250 c.c. capacity fitted with a cork 
carrying a straight tube 30 cm. long and 1*5 cm. wide. The anode 
is a strip of lead inside the tube 25 cm, long, the lower end as wide 
as possible, whilst the remainder is 1 cm. wide. The upper end is 
soldered to a copper lead which supports the electrode so that its 
lower end is 1 cm. above the bottom of the tube. The cathode is 
a strip of lead foil thin enough to pass between the cork and the 
neck of the flask without causing any ‘leakage. The electrolyte 
consists of 20% sulphuric acid, and should nearly fill the flask when 
the exit is open. Such a cell w’ill produce 7 c.c, of hydrogen per 
ampere per minute. The ideal plant for a small laboratory con- 
sists of ten cells run normally at 1 ampere, with a variable resist- 
ance, an ammeter, and purifying apparatus. The cell can also be 
used as a source of oxygen. E. H. R. 

Physical Constants of Chlorine under the Action of Light. 

A. Campetti {Nuovo dm., 1919, [vi], 17, i, 143—158), — Experi- 
ment shows that the internal friction and the thermal conductivity 
of chlorine are not appreciably modified by the light from an arc 
lamp which has been passed through a dilute solution of copper 
sulphate to free it from most of the less refrangible radiations. 
The same is, contrary to the conclusions of Traiitz (A., 1912, 
ii, 746), most probably the case with the thermal capacity, that is, 
the specific heat at constant volume, of the gas. The value of 
i/x 10^ found for chlorine is 1328 at 15°. The thermal conductivity 
of chlorine is about 0*8 times that of air. T. H. P. 

The Catalytic Oxidation of Ammonia, Pall Pascal and 
Eugene Decarriere {Bxdl. Soc, c/irin.., 1919, [iv], 25, 489 — 507). 
"Platinum was used as a catalyst in six different states of sub- 
division, varying from thin platinum foil cut into pieces and made 
into balls to platinised anhydrous magnesium sulphate. There is 
a certain minimum temperature for an appreciable velocity of 
oxidation varying with the physical stato of the catalyst. This 
minimum temperature increases with the curvature of the surface 
of the catalyst, but is independent of the duration of contact and 
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of the concentration of the air-ammonia mixture. In every case 
there is a certain temperature and concentration range over which 
the maximum oxidation occurs, the yield diminishing outside these 
limits and becoming insignificant at 900*^. In the case where balls 
of platinum foil were the catalyst, increasing the oxygen content 
of the air slightly increased the yield. The ammonia not con- 
verted into oxides of nitrogen is almost invariably lost as fr^ 
nitrogen, but there are three exceptions where some of the ammonia 
passes through unchanged : (1) when the temperature is only about 
320^; (2) when the alveolar industrial catalyst is used; (3) when 
the catalyst is a plug of very fine platinum wire or wool. [See 
further, /. Soc. Chem. 1919, November.] W. G. ’ 

Efiect of Diminution of Pressure on tlie Fixation o! 
Nitrogen as Nitric Oxide by means of the Electric Arc. 

E. Briner and Ph. Naville (Helv. Ckim. Acta, 1919, 2 
348 — 352). — -As in the formation of ammonia (compare this vol.' 
ii, 148, 190, 338), the optimum yield of nitric oxide from nitrogen- 
oxygen mixtures under the influence of the electric arc is given 
when the nitrogen is in excess, when the pressure is low, and when 
electrodes of certain metals are employed; iron and nickel behave 
normally, the optimum yield being then obtained with 50% of 
oxygen, whilst the displacement of the optimum towards the 
nitrogen-rich mixtures is most marked with platinum and less so 
• with iridium and copper. The actual increases in the yield pro- 
duced by lowering the pressure and by using excess of nitrogen 
are less pronounced than in the case of ammonia, but the depend- 
ence of the displacement of the o]jtimum yield on a reaction 
localised in the neighbourhood of the electrodes is more apparent, 
and is shown only with short arcs and particularly with parallel 
electrodes. These results are in accord with Guldberg and Waage's 
law only if the active masses are represented by the concentrations 
of active particles, and not by the molwular concentrations of the 
two elements; such active particles are most probably the neutral 
atoms liberated by the dissociating action of the arc on the mole- 
cules. The favourable result obtained by use of excess of nitrogen 
is explained by the greater resistance to dissociation exhibited by 
nitrogen molecules. T. H. P. 

Alkali Hypochlorites ; Free or Combined Salts, Ed. 

Jcstin-Mueller (./. Fharm. Chim., 1919, [vii], 20, 113 — 115).— 
Reasons and evidence are adduced to show that alkali hypochlorites 
have the formula X.^OCl., or NaOCl.NaCl, the constituents in the 
latter formula being combined to form a single molecule. The 
similarity between the reactions of calcium hypochlorite and alkali 
hypochlorite favours the combined salt view, as does also the 
decomposition ol calcium hypochlorite by sodium carbonate. 
CaOCU + Na.COi^^Na.OClo+CaCOg. The reaction between a 
hypochlorite and sulphuric acid would be represented by the equa- 
tion Na-PCl.-pngSO^-Na^SO^ + Clg + HaO, whilst the equation 
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N’aOCl+ NaCl + H2SO4 — Na^SO^ + CI2 H- would be represents 
ative of the reaction if the hypochlorite consisted of NaOCl. 

W. P. S. 

Ilew Compound of Lime and Bromine and a Process 
for its Manufacture. John Stanley Arthur and Leonard 
G riBBS Killby (Brit. Pat., 131750). — A new bactericidal compound, 
CaOjCaOBr^jHgO, having properties similar to bleaching powder, 
but stable up to 100®, is produced by heating at 100® the red com- 
pound, Ca0Br2,H20, formed by acting on quicklime with bromine 
and water in the proportion of 100 grams of the former to 41 c.c. 
of bromine and 36 c.c. of water. During the heating, bromine and 
water are evolved, and the new compound remains as a pale yellow 
powder containing about 33% of available bromine. [See also 
j, Soc. Chem. Ind,, 1919, 843a.] G. F. M. 

Some Chemically Reactive Alloys. E. A. Ashcroft (Trans, 
faraday Soo., 1919, 14 , 271 — 277). — Alloys of magnesium and lead 
containing from 5% to 50% of magnesium and 95% to 50% of lead 
when exposed to moist air rapidly absorb the whole of the oxygen 
present. The two metals form the compound Mg^Pb, and the 
corresponding alloy, containing 19% of magnesium and 81% of lead, 
is the most reactive of the series. During the oxidation process, 
the alloy crumbles to a black powder, a mixture of magnesium 
hydroxide, Mg(OH).;,, and a hydrate of lead sub-oxide, Pb2(OH)2# 
being formed. These hydrates are stable when heated at 200°. 
The mixture is unaffected by further exposure to dry air, but in 
presence of water further oxidation occurs, the lead sub-oxide being 
o.xidised to Pb(OH).2. With the more reactive alloys, the action 
takes place in the cold, but wdtb those containing upwards of 35% 
of magnesium, heat is necessary. The use of these alloys is sug- 
gested for removing the last traces of oxygen from gas mixtures, 
for instance, in the preparation of pure hydrogen for aircraft 
purposes. 

When the alloys are boiled with water, oxidation occurs and free 
hydrogen is formed. The magnesium is oxidised rapidly, but the 
formation of lead sub-oxide takes place relatively slowly. When, 
however, the digestion with water is carried out under pressure at 
about 150°, the lead is completely oxidised to lead oxide and the 
theoretical quantity of hydrogen is liberated. 

Alloys of magnesium and zinc are far less reactive. In fact, 
these alloys show greater resistance to oxidation than either mag- 
nesium or zinc alone (compare Grube, A., 1905, ii, 320% 

E. H. R. 

Thorium Lead. O. HOnioscumid {ZciUch. Ehktroc}iem., 1917, 
23 , 161 — 165). — After a discussion on the atomic weights and 
origins of the various lead isotopes, the author describes a series of 
experiments made to determine the atomic weight of the lead 
extracted from thorite from Ceylon. The method of analysis is 
the same as that previously described (A., 1914, ii, 653), Four 
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determinations were made of the ratio (Th)-PbCl 2 : 2Ag and four 
determinations of the ratio Th-(PbCloi ;2AgCl. From the first 
set of measurements the value 207’77 is obtained, and from the 
second set the value 207 '78. Prom both sets the mean value 
207*77±0*14 is calculated as the atomic weight of lead from this 
source. The present value is entirely in agreement with the value 
determined by Soddv (T.. 1914, 105, 1402) by an indirect method. 
Assuming the stability of the two isotopes Ra(G) and Th(B), the 
author calculates that these two substances are presen^ in the ratio 
20:7, or that the lead from thorite consists of 8‘9% of uranium- 
lead and 9M% of thorium-lead, J. P. g. 

Thallium Selenides. Luigt Rolla (Atii E, Accad. Lincei, 
1919, fvl, 28, i, 355 — 359).— According to both Pelabon (A,, 190?’ 
ii, 6S81 and Murakami (A., 1916, ii. 34), thallium and selenium 
form three compounds, the former giving to them the formulse 
TLSe, TlSe. and ThSe,. and the latter TUSe, TlSe, and TbSeg. 
The author s attempts at thermal analysis of this system lead to 
discordant results, the inapplicability of this method depending on 
the slowness of the reaction involved or on its inconsiderable heat 
effect. The more sensitive method, consisting in tracing the vari- 
ation of the solution tension with change of the composition, has 
therefore been employed, the results obtained excluding the exist- 
ence of the third thallium selenide. for which different formulje were 
^^iven by Pelabon and Murakami. T. H. P. 

Rare Earths. IX. Atomic Weight of Yttrium, in. 

IT. C. Kremeus ami R. S. Hopkins (J. Amer. Chem,. Hoc., 1919, 
41. 718 — 721). — The atomic weight of yttrium has been determined 
by the silver chloride method. The yttrium compound was purified 
bv the sodium nitrite precipitation method (A., 1917, ii, 34), and 
the product converted into oxalate. The oxalate was ignited in a 
platinum di.sh and the o.xide dissolved in redistilled nitric acid. 
The solution was filtered and diluted with 2 litres of ” conductivity 
water'’ in a ,Tena flask, and treated with ammonia gas. The pre- 
cipitated hydroxide was 'svasbed bv decantation, dissolved in nitric 
acid, and reprecipitated with oxalic acid. The oxalate was again 
ignited, and the whole process of purification repeated. The final 
oxide wa'! moistened with water, and hydrogen chloride passed over 
until all had dissolved, and. afte** filtering, the solution was stored 
in a quartz flask. The methcKl of dehydrating, fusing, and weigh- 
ing the anhydrous chloride was the same as previously described 
{hr. clt.). The anhydrous yttrium chloride was dissolved in a 
small quantity of water in a sma.ll ouartz flask, and the solution 
transferred to a 5 -litre gla'^s bottle, diluted with 2 litres of water, 
and treated slowly with continuous shaking with the same volume 
of silver nitrate so].ution containing the calculated amount of silver 
nitrate. The bottle and contents w’ere then placed in a shaking 
machine and shaken for twelve hours. The precipitate was allowe 
to settle, and the solution tested in a nephelometer for an excess 
of either chloride or silver ions. Additions of a standard solution 
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Qf either silver nitrate or sodium chloride were made until equi- 
valence was obtained, and the solution again shaken for several 
hours. The whole process was carried out in a dark-room. The 
recipitation was effected in the above manner because earlier 
experiments had shown that equilibrium was only slowly attained, 
and dilute solutions with shaking were important factors in reach- 
injr a satisfactory end-point. Experiments were made with seven 
samples? SAgiYtClg the atomic weight of 89*33 

was obtained, the extreme values being 89*30 and 89*34. 

• ' J. F. S. 

Beducing Action of Manganous Oxide. V. Maori {Boll 
elm. farm., 1919, 58, 201 — 202). — Manganous sulphate completely 
precipitates the silver from a hot ammonia cal silver nitrate solu- 
tion. The white precipitate formed by addition of the manganous 
gait to ammoniacal mercuric nitrate solution turns grey and then 
brown on boiling, and, after treatment with sulphur dioxide solu- 
tion or an acidified solution of a sulphite, leaves a heavy, brownish- 
grey, pulverulent deposit, which is not dissolved by dilute nitric 
acid^ but is readily attacked by the concentrated acid, with form- 
ation of nitrous fumes. When an ammoniacal solution of copper 
and manganous sulphates is boiled, cuprous oxide is precipitated ; 
tke supernatant, colourless liquid gradually becomes blue in the 
air. Addition of ammonia to a solution containing a cobalt and a 
man«?anous salt yields a precipitate of manganous hydroxide which 
gradually becomes brown, not. however, by direct reduction of the 
cobalt oxide, since the latter first undergoes peroxidation in the 
air, and then gives up its oxygen to the manganese, especially on 
skakinw. No tests were made with gold or platinum, but the 
livdroxides of other metals are not oxidised bv manganous salts. 

^ ‘ ‘ ^ T. H. P. 

Corrosion of Metals, especially Rusting of Iron. F. 

Goudriaan (Chem. WeeWad, 16. [40], 1270— 1285).— The 

conditions governing the corrosion of metals, especially the rusting 
of iron, have been investigated by the author. In pure, air-free 
water the process is purely electrolytic. When the concentration 
of the Fe** ions in the sobition is 1*2 x 10"*^ gram-mols. per litre, 
action ceases. The addition of oxytren produces a very marked 
effect; the oxidation of the ions gives rise to a fresh and 

corrosion will continue unless interrupted by a disturbance of the 
equilibrium of the metal itself. Carbon dioxide is not essential for 
corrosion; it plays a secondary part only. Nor are the formation 
and effect of hydrogen peroxide (Traube. A., 1885, 1105) confirmed. 
In presence of oxygen, the velocitv of corrosion = — 

being the solubility of the oxvgen in the electrolyte and 0^ its con- 
centration near the iron. Corrosion is greatest where = that 
is, where the metal is in contact both -with air and water. In weak 
salt solutions, no effect is observed Most electrolytes have a maxi- 
mum critical concentration at w’hich corrosion is greatest, but 
above this concentration the effect diminishes, and many solutions 
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have also a '' limiting concentration at which corrosion ceases 
entirely. Tables are given showing values for various electrolytes. 
Solutions of sodium carbonate above ±0'liV strength, and of 
sodium hydroxide above 0'02ir, are rust-preventive. Ammonium 
salts generally are very corrosive. The potential of the metal is a 
dominating factor; an E.M.F. of 0'793 volt was obtained with 
pure iron, which was slightly altered by compression or cooling, 
but slowly regained its original value. Impurities in iron, by 
setting up local E.U.F,'^ up to 20—90 millivolts, accelerate 
corrosion. The effect of other metals depends on their comparative 
potentials. Contact with copper increased corrosion of iron by 
25 — il%, and with nickel by 14 — 19%. No definite data are 
obtainable with most metals, however. The composition of rust 
varies considerably. The author gives many references to the work 
of other investigators. W. J. W. 

Constitution of Iron-Chromium Alloys, Ernst Janecke 
(Zeitsch. Elehirochem., 1917, 23 , 49 — 55). — The system iron- 
chromium has been examined by means of fusion curves and by 
the microscopic study of polished sections of the various alloys. 
The fusion curves were made in a dynamidon (alumina and clay) 
furnace fitted with a magnesite crucible and heated electrically. 
The temperatures were automatically recorded by means of a 
thermo-element and recorder. Curves were produced for six alloys 
lying between the limits 10Fe:90Cr and 90F6;10Cr, and all 
indicate that the system iron-chromium consists of a single eutectic 
which can form mixed crystals with either component. The 
eutectic contains 75% of chromium and mplts at 1320*^ ; the limits 
over which mixed crystals are formed are 55 — 85% of chromium. 
The microscopic investigation shows that the crystalline structure 
is finer the greater the percentage of chromium. The alloys are 
all tough, and only in the case of the alloys rich in chromium 
(above 80%) is it possible to break them on an anvil. The alloys 
are easily scratched by steel and are easily polished. Nitric acid, 
even when boiling, is without action, but hot 1:1 sulphuric acid 
attacks them readily. The present results are at variance with 
previously published results of Treitschke and Tammann (A., 1907, 
ii, 958), who regard the system as pseudobinary with a single com- 
pound of undetermined composition. The author attribute 
Treitschke and Tammann ’s results t-o the presence of aluminium in 
the chromium used by them. J* S. 

Cluromium Azoimide. E. Oliveri-Mandal.\ [Gazutta, 1919, 
49^ 43 — 46. Compare Curtius and Rissom, A., 1899, ii, 90).— 
Chromium azoimide may be separated bv means of the insoluble 
pyridine compound, Cr(N3)3.3Cr,H5N, which forms green, crystalline 
crusts and explodes violently when heated. When boiled, its con- 
centrated aqueous solution deposits mixtures of basic salts of various 
compositions, the ba^nc azoimide, 0 H»Cr(Ns) 2 , 2 H 20 , which is far 
less explosive than the original compound, bein^ isolated, Aquwus 
solutions containing chromium azoimide exhibit the green co our 
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peculiar to complex chromium salts, and do not yield a precipitate 
with ammoma solution; even when the experimental conditions are 
widely varied, addition of silver nitrate does not cause precipitation 
of the whole of the nitrogen as silver azoimide. T. H, P. 

The CrystaUography of Uranyl Nitrate Hexahydrate. 

E. Quebcigh (Riv, mill, crist. Ital, 1915, 44, 6—14).— A detailed 
description is given of the crystals, which varied widely in habit 
according to the solvent employed in their formation. 

Chemical Abstracts. 

New Method of Analysis of Platinum Ores and Com- 
positions of Native Platinums from the Urals. Louis 
Dlpabc {Helv. Chim, Acta, 1919, 2, 324— 337).— The modes of 
occurrence and processes of extraction of platinum in the TJrals, and 
a new method for analysing platinum ores, are described ; a table is 
also given showing the mean compositions of samples of platinum 
from the chief centres in the Urals. [See, further, J. Soc. Ghem. 
Ind., 1919, 822a.] rjx 


Mineralogical Chemistry. 


Oceanic Salt Deposits. Wilhelm (JrOnewald (Tnaug.-Dias. 
Erlangen, 1913, 44 pp. ; from Jahrh. Min., 1916, ii, Ref, 255).— 
The work is a continuation of that of van t Hoff and Meyerhoffer, 
and deals mainly with accurate determinations of the solubility 
relations of the various salts found in the salt deposits; 1000 mols. 
HoO at 25'^ dissolve 88 mols. KCl, or 111 mols. NaCi, or 12 mols. 
K2SO4; at 83*^, 118 mols. NaCl. Magnesium sulphate heptahydrate 
at 25°, 1000 mols. HoO contain 55 mols. MgSO^. Potassium chloride 
and carnallite at 25°, 1000 mols. 11,0 contain 72*5 mols. MgClj and 
11 mols. KCl. Magnesium sulphate heptahydrate and picromerite 
(schcenite) at 25°, 1000 mols. water contain 58*5 mols. MgSO^ and 
5’5 mols. K2SO4. Potassium sulphate and picromerite at 25°, 1000 
mols. H2O contain 22 mols. MgSO^ and 16 mols, K2SO4. Sodium 
chloride and magnesium chloride hexahydrate at 25°, 1000 mols. 
H;;0 contain 103 mols. MgCU and 2*5 mols. NaCl. L. J. S. 

An Unlisted Mineral. Georoe J. Hough {Amer. J. Sci., 
1919, [iv], 48, 206). — A new silver-c’opper mineral, found in a 
pocket at a depth of 1100 feet in the Cocinera Mine at Ramos, in 
San Luis Potosi, Mexico, is described. The mineral is silver-grey 
in colour with a metallic lustre and slowly tarnishes to black; its 
streak is leaden-grey, and hardness 2*5. It has D 6*14, and is quite 
homogeneous. Its composition is. copper, 60*68%; silver, 27*54%; 
iron, 1*55%; and sulphur, 9*65%, which wmuld give as the empirical 
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formula AgCu 4 S. The author suggests the name cocinerite for the 
mineral. P. S. 

Exchange of the Bases of Zeolites in Neutral Salt 
Solutions. Ilse Zoch (Chemie der Erde, 1916, 1, 55 pp,, and 
Inaug.-Diss.y Btrliiv\ from Jahrh, Min.^ 1916, ii, Ref. 266 — 267). — 
Various zeolites were shaken in solutions of ammonium chloride. 
Although the reaction proceeds at first with comparative rapidity, 
yet equilibrium is only slowly reached. For example, for atilbite 
in grains of 0’25~0’5 mm. equilibrium is reached after forty to 
fifty days. Temperature, fineness and quantity of powder, and 
strength of the solution, all exert an influence. There is an ex- 
change only of the bases, calcium, sodium, and potassium, these 
being replaced by an equivalent amount of ammonium; alumina 
and silica do not pass into solution, and the amount of chlorine in 
the latter remains constant. The substitution is accompanied with 
a change in the optical characters of the material. Chabazite is 
most readily acted on, then stilbite, heulandite, and harmotome 
in the order named, w^hilst scolezite is scarcely afiected. Silver 
nitrate solution acts readily on stilbite at 50°. Copper chloride 
solution acts on chabazite, stilbite, and heulandite as shown by a 
change in the birefringence and the green staining ; the latter is 
removed again when the copper is replaced by ammonium. 


Analytical Chemistry. 


New Method of Chemical Analysis. A. W. Hull (J. .Iwr. 
CUiTi. S'oc., 1919, 41, 1168— 1175).— A method of analysis based 
on the use of A'-rays is described. The method consists in passing a 
beam of monochromatic A-rays through the powdered material con- 
tained in a glass tube and photographing the diffraction pattern 
produced. The apparatus required consists of a Coolridge X-ray 
tube fed by a transformer; in front of the tube a screen of suitable 
metal is placed which acts as a filter (for a molybdenum tube, a 
zirconium filter is used). The rays passing through the filter are 
cut down to a narrow beam by means of two lead slits; this beam 
then passes through the material under analysis, and a fraction ol 
it is scattered. The material is placed at the centre of a photo- 
graphic film which is bent over a semi-circular strip of wom or 
brass. After exposure for an hour the film is develops ana 
photograph compared with photographs prepared from su 

st^ncL Substances with a similar crystal structure yield similar 

patterns, but the" intensity and spacing of the mdiyidua 
varies with each substance. Examples are given showing that tn 
method is capable of use for analysing mixtures and also gives ^ 
approximate quantitative analysis of simple mixtures. J- 
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Electrical Apparatus for Use in Electrometric Titrations. 

Howard S. Roberts (J. Amef\ Chem. Soc., 1919, 41, 1358—1362). 

^ potentiometer is described for use in electrometric titrations. 

This instrument does not necessarily give tte E.M.F, readings in 
volts, but in arbitrary units, since ail that is desired in this type 
of work is the inflexion point of the E.M.F, The instrument con- 
sists of a rheostat on which two sliding contacts work. The con- 
tacts indicate on scales which are numbered in opposite directions, 
the one from 0 to 100 and the other from 100 to 200. Thus when 
the point 100 represents zero potential, readings may be made with 
a solution which changes the sign of its E.M.F. without the use of 
reversing keys and without introducing a minus sign into the 
figures. The potentiometer is used with a single dry cell and a 
high resistance galvanometer. J. F. S. 

Anti-reflux Device Applicable to Evolution Methods 
of Analysis. P. L. Uoblnson [Chcm. Neivs, 1919, 119, 159—161). 
—The apparatus consists of a liquid trap placed between the reac- 
tion flask and the absorption vessel; air is admitted through a 
vertical tube extending into the liquid, when the pressure in the 
reaction flask diminishes. A similar apparatus for use in the 
estimation of sulphur in steel is described. W. P. S. 

Colorimetric Scale for the Rapid Estimation of the Free 
Hydrochloric Acid in Liquids by means of a Solution of 
Bnlhant-green. Maurice and Kocua [Compt. rend. 

Soc. Biol., 1918, 81, 646 — 649). — Two c.c. of a solution (1:5000) 
of brilliant-green (tetraethyldiaminotriphenylcarbinyl sulphate) are 
mixed with 2 c.c. of the liquid under examination, for example, 
gastric juice, and the free hydrochloric acid is estimated by com- 
parison with a colorimetric scale. The colour changes are, to green 
{0’005% hydrochloric acid), then to yellowish-green (0'03% hydro- 
chloric acid), and then to a more pronounced yellow tint (0‘2% 
hydrochloric acid). Decolorisation occurs in one to two hours with 
a 0T% solution of hydrochloric acid, but no decolorisation occurs 
with acid at a concentration less than 0'03%. The colorimetric scale 
is furnished by mixing an unliltercd, aqueous alcoholic solution of 
methylene-blue (1:101)), a Altered, neutral solution of potassium 
chromate (1:20), an unfilterod, aqueous alcoholic solution of eosin 
(0T0:10O), and water in such proportions as to yield mixtures 
exiiibiting tints corresponding with tliose produced by 0'025%, 
0-05%, 0*075%, 0*10%, 0*15%, and 0*2% solutions of free hydro- 
chloric acid; the mixtures are kept in small, sealed tubes. A solu- 
tion of brilliant-green in distilled water is used as a control. A 
solution of brilliant-green becomes more or less turbid when it is 
mixed with undistilled water. Attempts to reproduce the turbidity 
in the colorimetric scale by means of soap, tincture of gum benzoin, 
tic., did not give satisfactory results; there is, however, little difl&- 
culty in such cas^ in comparing the opaque tints with the trans- 
parent tints of the colorimetric scale. The comparison of tints 
should be made rapidly (especially for hydrochloric acid at the 
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higher concentrations) before decolorisation occnra; comparaon is 
made in diffused light and the tubes of the colorimetric scale should 
be kept in the dark when not in use. The presence of lactic acid 
causes little dif&culty since the tint which it produces differs (in 
being nearly turquoise blue) from that due to hydrochloric acid 
and is much less intense than the latter. The influence of com- 
bined hydrochloric acid on the reaction is also practically neglig- 
ible. This is shown by the concordance between estimations of free 
hydrochloric acid (in presence of combined hydrochloric acid) by 
this method and by use of Linossier's reagent and by the fact that a 
hyperacid gastric juice (after exact neutralisation of free hydro- 
chloric acid) gave only a slight colour change when treated with 
brilliant-green solution, this cliange in colour being less intense 
than that corresponding with the mijiimum of the scale. This 
method is especially adapted to use under conditions where the 
usual laboratory facilities are not available. 

Chemical Abstracts. 

Estimation of Iodides. Paul Godfkin {Bull. Soe. pham., 
BordeauXy 1919, 16; from Ann. Chim. and., 1919, [ii], 1, 
295—297). — The method depends on the decomposition of the 
iodide by potassium dichromate in acid solution, the liberated 
iodine being titrated with thiosulphate solution. Ten c.c. of a 1% 
solution of the iodide are treated with 1 c.c. of 10% potassium 
dichromate solution and 15 drops of hydrochloric acid; 20 c.c. of 
10% sodium acetate solution, 50 c.c. of water, and 2 c.c. of starch 
solution are then added, and the iodine titrated with standardised 
thiosulphate solution. The method may be applied to the estima- 
tion of iodides in urine; tlie influence of substances which absorb 
iodine is removed hy titrating the sample with iodine before the 
dichromate is added ; the liberation of the iodine in this case is at 
a maximum in three minutes, 'and the loss is about 2‘5% of the 
quantity of iodine present. W. P. S. 

Estimation of Iodide, Bromide, and Chloride in Presence 
of Each Other. I. M. Kolthoff {Pham. Weekblady 1919, 
56, 1298—1300).— The total halogen content in a mixture of 
chloride, bromide, and iodide is determined by precipitation with 
silver nitrate. Iodide alone is determined by the addition of excess 
of iodate after acidifying with benzoic acid, and titration of the 
iodine liberated by means of thiosulphate. Iodide and bromide are 
estimated as follows: 25 c.c. of i^/lO-solutioh of potassium ioda^, 
5 c.c. of A-sulpburic acid, and 20 c.c. of water are added to the 
solution, and the halogen liberated is driven off by boiling in a 
Kjeldahl flask. Potassium iodide is now added and a few c.c. o 
sulphuric acid. The iodine liberated is titrated with thiosulphate. 
The chloride present is then determined by difference. W. S. M. 

Detection of the Halogens in Mixtures of the» Salts. 

A. J. Jones (Chem. arid Drug., 1919, 91, 52 — 53 ).-— Trs(*s *5 
iodide in a bromide or chloride may be detected by the m n e- 



analytical chemistry. 


ii, i1:\ 


c)^laro^o^n k'ist, using acctio acud in the prupurtiun of I r.c. to 
1 gram of th© salt and 10 c,c. of water. To detect traces of 
bromid© in chlorid© or iodide, the salt solution is boiled with the 
addition of a small quantity of potassium permanganate and phos- 
phoric acid, and the vapours brought into contact with 
fluorescein paper, the appearance of a red coloration on the 
paper denoting the jiresence of bromine. Traces of chloride in 
iodide or bromide may be detected by treating the salt wnth chloro- 
form and a mixture of permanganate and phosphoric acid until 
all the iodine or bromine has been liberated and removed by the 
chloroform. The aqueous solution is then decolorised with 
sulphurous acid, the chloride precipitated as silver chloride, and 
the latter identified by its complete solubility in ammoniacal silver 
nitrate solution. [See, further, J. Soc. Chem, Ind., 1919, 
November.] W. P. S. 

lodometric Estimation of Sulphurous Acid and Sulphites. 

I. M, Kolthoff {Pharm. Weekblad, 1919. 56, 1366—1373). 
— The accuracy of the iodine method of estimating sulphurous 
acid has been the subject of much investigation, and there is con- 
siderable divergence in the literature on the subject. The author 
prepared a pure solution of sulphur dioxide, free from sulphate, 
by washing the gas obtained from copper and sulphuric acid with 
barium nitrate solution, and dissolving it in air-free water con- 
taining b% of ethyl alcohol, the solution being made N ,120. When 
sulphurous acid was added to .V/ 10-iodine, and the excess of the 
latter titrated with sodium thiosulphate, very accurate results were 
obtained. Titration of the iodine by sulphurous acid from a 
Inirette until complete reduction took place was also satisfactory. 
Addition of sodium carbonate or hydrochloric acid introduced 
errors of 1"2 to 2'6%, due to o^:idation by the air. Inaccurate 
results are obtained if the iodine is added from a burette to the 
sulphurous acid, and no improvement is gained by adding mannitol 
(Ruff and Jeroch, A., 1905, ii, 200), sucrose, or alcohol. Solu- 
tion of pure sodium sulphite, when added to the iodine, gave 
accurate results, but errors up to arose when the iodine was 
added to the sulphite solution. Addition of potassium iodide, 
which acts as a catalj^t in oxidation, caused errors up to 3‘4%, 
and with sodium hydrogen carbonate divergencies up to 4% were 
obtained. The author states that inaccuracies are due to oxida- 
tion by the air, and denies the influence or formation of free 
sulphur in the reaction (Volhard. A., 1888, 192). W. J. W. 

Estimation of Sulphates in a Concentrated Electrolyte 
and the Estimation of Sulphur in Foods. Vernon K. 
Krieble and Autrey W. Magnvm {J. Amer. Chtm. Soc., 1919, 
41 , 1317 — 1328). — The authors have investigated the sodium per- 
oxide method of estimating sulphur in foods with the double 
object of preventing firing or explosions during the oxidation and 
of precipitating completely barium sulphate from the solutions, 
obtained from the fused material, which have a high concentration 
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of electrolytes. As l-lie result of a large number of. experiments 
carried out under various conditions, the following method of pro- 
cedure is recommended : a suitable quantity (2 — 3 grams) of the 
material is placed in a nickel crucible of 100 c.c. capacity, mixed 
with 2 — 3 c.c. of water, and well stirred with a nickel rod, 5 grams 
of sodium carbonate are added and well mixed, and then sodium 
peroxide in small quantities until the whole mass becomes dry and 
granular. The crucible and contents are carefully heated with a 
Barthel alcohol lamp until the mixture becomes a brown, homo- 
geneous, fused mass; the mixture is cooled somewhat, and more 
sodium peroxide added to make a total of 25 — 26 grams; 3 grams 
of sodium carbonate are also added and mixed with the peroxide. 
The crucible is then heated by pointing the flame at a position 
opposite the level of the contents of the crucible until the first 
signs of oxidation appear, when the flame is removed and the Hd 
placed in position. After the oxidation is complete, the crucible 
i.s heated for a further ten minutes. When the crucible is cool 
it is placed in 100 c.c. of water and heated until the contents are 
dissolved, 50 c.c. of concentrated hydrochloric acid are added, and 
the volume increased to 350 c.c. by the addition of water. The 
solution is raised to the boiling point and precipitation made with 
10 c.c. of 10?4 barium chloride solution, added by means of a 
dropper at the rate of 10 c.c. in four minutes. The liquid is kept 
for forty-eight hours, and then evaporated to dryness, the residue 
is treated with water, and, after keeping for eighteen hours, the 
precipitate is collected on a Gooch filter. The results of this 
method are always higli, due to adsorbed material in the precipi- 
tate, and should be corrected by an amount which is determined 
experimentally. The correction is obtained by repeating the 
estimation with a solution of a known amount of potassium 
sulphate and finding the amount by which the weight of barium 
sulphate differs from the theoretical quantity. The difference 
gives the correction value. J. F. S. 

Acidimetric Estimations in Liquids from Aluminium 
Sulphate Manufacture. I. Bellucci and F. Lucchesi {Gazzetta, 
1919, 49, i, 21G -2!!). -The various methods of estimating free 
and combined sulphuric acid acid solutions of alumininiri 
sulphate are discus.sed. T. H. P. 

Alkallmetric Titrations in Presence of Alumina. 1. 

Bellucci and F. Lucckesi {Anna^i chim. Appl, 1919, 11, 
199 — 204). — The literature of the subject is discussed and criticised 
(see preceding abstract). T. H. P. 

The Micro- estimation of Nitrogen by Direct Nesslerisa- 
tion, and of Total Solids, in Drop Quantities of Human 

Blood. Amos W. Peters (/. Biol Chem. 1919, 39, 285-298).- 
The estimation of total solids is made by evaporating the known 
weight of blood, previously diluted with 0*5% sodium fluoride 
solution, on a weighed quantity of pure talc powder at 75° 
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The method of carrying out the digestion of the Hood in the 
nucro-Kjeldahl process is minutely described, the most important 
point in the management of the digestion relaMng to the process 
of heating. The colour comparison in the suoseqiient nessler- 
isation is made against a single fixed colour standard prepared 
from picric acid and ferric ammonium sulphate. The “conditions 
of accuracy have been tested, and the method is regarded as trust- 
worthy. J. C, JD. 

Estimation of Ammonia in Blood. Ono Folin (/. 
Biol. Chem., 1919, 39 , 259 — 260). — It is pointed out that the 
raethi^ employed by Morgulis and Jahr (this vol., ii, 371) yields 
unsatisfactory results unless every reagent used, including the 
permutite, is absolutely free from, ammonia. A method is given 
for rendering preparations of metaphosphor ic acid free from 
ammonia. When the purified reagents are employed, the amount 
of ammonia obtained from protein-free blood filtrates is pracfically 
nothing, only a greenish-yellow colour being obtained with Nessler’s 
reagent. J. C. D. 

Volumetric Estimation of Hydroxylamine, William C. 

Bray, Miriam E. Simpson, and Anna A. Mackenzie (J/Amer. 
Chem. Soc.f 1919, 41 , 1363 — 1378).— The authors have investi- 
gated three methods for the volumetric estimation of hydroxyl- 
amine: (1) the reduction of hydroxylamine to an ammonium salt 
by an excess of a titanous salt in acid solution, (2) the oxidation 
of hydroxylamine to nitrous oxide by an excess of ferric sulphate 
ill sulphuric acid solution with titration of the ferrous salt pro- 
duced, by potassium permanganate solution, and (3) the oxidation 
of hydroxylamine to nitrous oxide by iodine in a solution kept 
neutral by means of disodium hydrogen phosphate. The first 
two methods are found to be accurate, but the iodine method is 
unsatisfactory. In addition to the known positive error in the 
ferric salt method, which is due to the addition of permanganate 
while some hydroxylamine or an intermediate product, nitroxyl, 
is still present, a negative error due to oxygen of the air is found 
under certain conditions. Both errors are easily avoided, the 
latter by adding the hydroxylamine slowly to a boiling solution of 
ferric sulphate. Three sources of error are met with in the iodine 
method: (1) that due to incomplete reaction, which may be 
avoided by the addition of disodium hydrogen phosphate, 
(2) nitrite formation, which occurs under all the conditions in- 
vestigated and constitutes a positive error, and (3) absorption of 
oxygen from the air, which constitutes a negative error. An 
empirical method is described whereby theoretical results can be 
obtained by the iodine method, but this is shown to be due to a 
compensation of the last-named two errors. Hydroxylamine is 
oxidised mainly to nitrate by an excess of hypochloroua acid. 
Sodium thiosulphate in a solution of disodium hydrogen phos- 
phate can be quantitatively oxidised to sulphate by iodine. The 
reaction is rapid at 70®. J. F, S. 

19—2 
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luAuence oi Fluorides on the Oxidimetric Estimation 
of Nitrous Acid. I. Bellucci {Gazzetta, 1919, 49, i, 209—216). 
— Lunge's method of estimating nitrous acid by means of per- 
manganate leads to fallacious results if the solution contains also 
lluorine ions in high concentration. This anomaly is due to the 
same cause as that observed by Miiller and Koppe (A., 19io 
ii, 957) in the oxidimetric estimation, also in presence of fluorides^ 
of manganese by Yol hard’s method, namely, the formation of 
derivatives of tervalent manganese. In the case of nitrous acid 
this inconvenience may be overcome by treating the nitrous acid 
in a solution acidified with sulphuric acid, with excess of standard 
permanganate solution, then adding, after a couple of minutes, 
potassium iodide solution and estimating the iodine liberated bv 
the excess of permanganate by titration with thiosulphate solu- 
tion. A blank estimation should also be carried out with the same 
volume of permang<anate as is used to oxidise the nitrous acid. 

The case studied by Miiller and Koppe is not amenable to thi? 
procedure, since addition of the alkaline iodide would there result 
in liberation of iodine in amount corresponding with the quantitv 
of permanganate initially taken. T, H. P. 

Estimation of Citrate-soluble Phosphoric Acid by 
Petermann's Method. H. Neubauer and E. Wolferts 
(Landw. Versvch?i~Stat., 1916. 89, 197 -202). -New methods are 
described for preparing Petermann’s ammoniacal citrate soluticn 
and for applying it to the estimation of the citrate-soluble phos- 
phoric acid of dicaloium jdiosphate ( ' Methodea suivies dans 
I’analyse des maticres fertilisantes," Gemblniix, 1897). [See 
doi\ i^hem. Itul., 1919, 837a.] T. H. P. 

Electrolytic Resistance Method of Estimating Carbon 
in Steel. J. K. Tain* and I.. G. .Ma-xwell (/. Ind, Emj. Chem ., 
1919, II, 852 — 860). — A rapid method of estimating carbon in steel 
lias l>een based on the absorption of the carbon dioxide, obtained 
by direct combustion, in barium iiydroxide solution, and measur- 
ing the change in the electrolytic resistance of the solution caused 
by the precipitation of tlie barium joins. A simple form of absorp- 
tion* apparatus has been devised for this purpose, containing a cell 
in whicii the electrodes can be adjusted so as to give a definite cell 
constant, and Weibel's galvanometer iias been found an accurate 
instrument for measuring the resistance. The combustion is 
carried out in an electric fun i ace. and the carbon dioxide is 
expelled by a current of air (freed from carbon dioxide). A table 
showing the percentagevS of carbon corresjxinding with the resist- 
ance and the temperature of barium hydroxide solutions of definite 
ccncentratious lias been made, and from this a nomographic chart 
has been constructed whereby the jiercentages may be read directly 
with an error of less than O'OOo”.^ of carbon. [See further, J, Sor. 

rhem. bid,, 1919 . 773a.] C. A. M. 

Detection of Carbon Monoxide in Air. Desorez and 
Labat (Acad, mtd., 1910; from Avn. Chim. ami., 1919, [ii], 1- 
294 - -29.0). Strips of HKer papf*r are immersed in 162(> palladiuni 
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cLloiido aolutioii and then dried in the dark. If a strip, moistened 
at one end, is suspended in air containing carbon monoxide, the 
moistened portion becomes grey, brown, or black within six minutes, 
\yhil3t the dry portion retains its yellow colour. The depth of the 
coloration depends on the amount of carbon monoxide present; 
1 part in 1300 parts of air yields a distinct grey coloration. If the 
air also contains hydrogen sulphide, the strip tihould be suspended 
in a bottle through which the air, previously jjassed over lead 
acetate, is aspirated. p g 

Estimation of the Reaction of Natural Waters. J 

Tillmans {ZeiUch, Sahr. 1919, 38, 1- 16).— The reac- 

tion (hydrogen ion concentration) of most natijral waters is due to 
free carbon dioxide and to carbon dioxide comliined us liydrotren 
carbonates, and is conveniently expressed as ten thousaiidtlis of a 
,ng. per litre ( = h*). In neutral waters ]r = l; all values above 1 
indicate an acid reaction and all values under 1 an alkaline reac- 
tion. Generally, li can be calculated with sufticieiit accuracy by 
multiplying the mg. of free carbon dioxide per litre by 3 and divid- 
ing the result by the number ot mg. of carbon dioxide present as 
hydrogen carbonate per litre of water. The exceptions to this rule 
are described. In the case of alkaline waters, the alkalinity may be 
expressed as the reciprocal of h’. [See, further, Soc. Chem. Ind., 
1919, November.] ^ p^ g 

Acidosis. XVl, Estimations of Bicarbonate in the 
Blood Plasma of Difierent Species by the Titration and 
Carbon Dioxide Capacity Methods. Kdoai? Sull.man ( J . 
Biol. Chtniy 1919, 39 , 961-265). — Ihe methods employed were 
those described by van Slyke, Stillman, and Cullen (A., 1917, 
i, 521; this vol., ii, 298), and examinations of plasma from the 
blood of man, dogs, sheep, rabbits, and chickens were carried out. 
Results obtained by titration agreed with those by the carbon 
dioxide capacity method, as a rule, within less than two milli- 
molecular in plasma bicarbonate concentration. The results con- 
firm the conclusion reached in the former paper that the two 
jnethods may be used interchangeably for clinical and for many 
experimental purposes. J. C. D. 

The Estimation of Calcium and Magnesium in Difierent 
Saline Solutions. E. Canals {Bull Sor. Chwi., 1919, [iv], 
25 , 90 — 94). — Experiments in which magnesium ammonium phos- 
phate was precipitated by adding a solution of magnesium sulphate 
to an ammoniacal solution of sodium phosphate containing am- 
monium chloride showed that considerable excess of phosphate, 
ammonia, or ammonium chloride or of all three together may be 
used without the accuracy of the magnesium estimation being 
thereby affected. Only in special circumstances can magnesium 
he estimated as oxide or snlpliate. Both these compounds are 
very hygroscopic, and iiiagncsiinu sulphate is subject to deeomjxjsi- 
tioa at a bright red heat. E. H. R. 
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Separation and Estimation of Magnesium in the 
Presence of Fixed Alkalis. P. Nicolardot and F. Bawduhand 
{Rev. Uei.y 1919, 16, 193 — 199). — The most trustworthy method 
for the separation of magnesium from alkalis consists of precipi- 
tating the magnesium by means of ammonium phosphate; the 
details of this method are too well known to need description. ^ 
large excess of ammonium phosphate should be avoided ; the small 
excess which is necessary may be removed subsequently by treats 
ment with ferric chloride and ammonia, and the alkalis may then 
be estimated. Separation of the magnesium by means of ammon- 
ium carbonate in alcoholic solution, barium hydroxide, calcium 
hydroxide, ammonium oxalate, or mercuric oxide is untrustworthy. 
A simple method for the estimation of magnesium when alkalis are 
not present (for example, in the analysis of metallic magnesium 
and its alloys) depends on the precipitation of the magnesium as 
magnesium fiuoride-hydrofluoride; the magnesium chloride, in 
neutral solution, is treated with a slight excess of ammonium 
fluoride, the mixture is evaporated to a syrup on a water-bath, 
and the residue ignited. The ignited residue consists of mag- 
nesium fluoride. This method cannot be employed when alkali 
chlorides are present in the solution. W. P. S. 

Estimation of Metallic Zinc Content of Zinc Dost. 

W. F. Edwards {Chem. and Met. Eny., 1919, 21, 192). — Neither 
the hydrogen-gas method nor the reduction of potassium iodatc is 
on the whole suited to the evaluation of zinc dust, used or unused, 
in sherardising. The amalgam method is not satisfactory for prac- 
tical purposes, even if carried out with careful attention to details 
in parallel estimations under identical conditions. The reduction 
of ferric sulphate gives inconsistent results, but with crystallised 
ferric ammonium sulphate satisfactory results are obtained, the 
time required being approximately fifteen minutes against six to 
thirty-six hours for the gas method. The method is as follows: 
1 gram of zinc dust is put into a 600 c.c. Erlenmeyer flask, together 
with 50 grams of ferric alum in crystals and 100 c.c. of water, the 
whole being constantly stirred. As soon as the zinc dust is dis- 
solved, 100 c.c. of 1:10 sulphuric acid are added, and the solution 
titrated against potassium permanganate. Comparisons of results 
obtained on new and used zinc dust by the hydrogen-gas method 
and the ferric alum method are given, and show good agreement. 

T. H. B. 

Simple Method of Analysing Bearing Metal and Similar 
Alloys. G, Oestbrhsld and P. Honegger (Helv* Chim. Ada, 
1919. 2, 398 — 416). — The principles on which the method described 
is based are as follows. The alloy is dissolved in boiling concen- 
trated sulphuric adid, dissolution being complete in a few minutes 
even with an alloy rich in lead. The antimony passes quantitatively 
into solution in the tervalent form and the tin as stannic sulphate 
The copper and lead are converted entirely into copper and lead 
sulphates, subsequent dilution with water resulting in the separa- 
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tion of crystalline lead sulpliate^ which is readily removed by fil- 
tration through A (Jooch crucible. In. the filtrate the antimony is 
titrat^ direSly with potassium bromate, the titrated solution 
Ijeing then reduced and the tin, and afterwards the copper, esti- 
mated volumetrically. In presence of tin, antimony, and lead, 
capper may be estimated in a few minutes by a simplified form of 
el^trometric titration with sodium thiosulphate. [See /, Soc. 
Chem. Ind., 1919, 824a.] T. H. P. 

Estimation of Small Quantities of Mercury in Toxico- 
logical Investigations. F, Carrescia (Boll. chim. farm. 1919, 
58, 242 — 244). — Descriptions are given of the methods applied to 
the estimation of mercury in two cases of attempted poisoning by 
addition of mercuric chloride to coffee and to a bronchial remedy. 
[See /. Soc. Chem. Ind., 1919, November.] T. H. P. 

A Sensitive Reaction for Manganous Salts. D. H. Wester 
(Pharm. Weekhlad, 1919, 66, 1289 — 1290). — The author points out 
that the potassium oxalat-e test for manganese salts is less sensitive 
than the tests with lead peroxide and nitric acid, and with per- 
sulphate and silver nitrate, both of which are applicable in 
presence of considerable quantities of chlorides. The reaction may, 
however, be used as a sensitive test for oxalate. W. S. M. 

Estimation of Manganese in Steel by means of Per- 
sulphate in the Presence of Chromium and Tungsten. 

P. Nicolardot and A. Levi (Rev. Met., 1919, 16, 201 — 216). — 
Investigation of the persulphate method showed that the most 
trustworthy results are obtained under the following conditions. A 
quantity of 0*2 gram of the steel is dissolved in 10 c.c. of 33% 
sulphuric acid and 0*5 c.c. of nitric acid; the solution is then 
cooled, 5 c.c. of saturated silver sulphate solution and 0*5 gram of 
persulphate are added, the solution is diluted to 50 c.c., heated for 
three to five minutes in a water-bath, the heating being discon- 
tinued when the red coloration appears. The mixture is set aside 
until cold and then titrated with arsenious acid solution ; the latter 
should contain 0*5 gram of arsenious acid and 2'5 grams of sodium 
hydrogen carbonate per litre, and be standardised against a steel 
containing a known amount of manganese. If the titrated mixture 
is again heated, the manganese is reoxidised (a sufficient quantity 
of persulphate still remains for this purpose), and the titration 
may be repeated. If the steel contains a large quantity of 
chromium and less than 1% of manganese, the amount of the latter 
should be brought up to about l?o by the addition of manganese, 
in the form of a standard ]icrinaiiganate solution, after the treat- 
ment with persulphate. The following method is recommended in 
the case of a steel containing chromium, tungsten, and vanadium. 
A weighed amount of 0*2 gram of the steel is boiled with 25% 
sulphuric acid and 0-5 c.c. of nitric acid until a precipitate of 
yellow tungstic acid forms and all black particles disappear; the 
mixture Js cooled, sodium hydroxide is added in quantity sufficient 
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to dissolve the tungstic acid and. precipitate the iron, 3 c.c. of 
phosphoric acid solution (containing 38% PgOg) are added, the 
mixture again cooled, and slightly acidified with sulphuric acid. 
If the solution thus obtained is not perfectly clear, the estimation 
must be recommenced. The solution is then treated with 10 c.c. 
of saturated silver sulphate solution and 1 to 3 grams of per. 
sulphate, heated on a water-bath for three to five minutes, cooled. 
0’002 gram of manganese (in the form of potassium permanganate 
solution) is added, and the solution is titrated with arsenious acid 
solution! The quantity of manganese added is deducted from the 
result obtained. The authors do not think it advisable to attempt 
to estimate the chromium and the manganese in the same portion 
of the sample. W. P. S. 

Estimation of Iron in Iron Ores by means of Per- 
manganate. H. Schwarz (CJicm. ZeiL, 1919, 43, 499—500).— 
A reply to Brandt (this vol., ii, 373). — The author maintains that 
the use of sodium silicate in the titration is trustworthy under 
the conditions described by himself and Rolfes (this vol., ii, 170). 

W. P. S. 

Electrometric Titrations , with Special Reference to the 
Estimation of Ferrous and Ferric Iron. J. C. Hostetirr 
and H. S. Roberts (7. A mar. Cham. Soc.. 1919, 41, 1337—13r)7). 
“Experiments are described on the estimation of ferroiis iron 
by titration with potassium dichroinate and potassium pernian- 
gHiiate in xvhich the end- point of the reaction is obtained from 
the EM.F. of the solution against a calomel electrode. Thr 
work is extended to the estimation of ferric iron by means of 
stannous chloride and the titration ot potassium dichroinate with 
stannous chloride. The electrical apparatus used in the work 
that described by Roberts (see this vol., ii, 471). A special 
“titration head ’ is used to cover the flasks in which the titration 
is carried out. This consi.sts of a glass ca]> with three openings at 
the top; through the first opening a glass tube from the calomel 
electrode enters, the second opening admits the tip of the burette, 
and the third carries a platinised jilatinum electrode and admits 
a current of carbon dioxide. Using this method, solutions of 
potassium di chromate as dilute as O' 0005.^ may be employed. I he 
electrometric method makes it unnecessary to remove the excess 
of a reducing agent which has been added in the reduction of a 
ferric salt. Conditions, such as acidity, need not be controlled 
except within very wide limits, and hydrochloric, sulphuric, or 
hydrofluoric acid may be used. The sensitiveness and accuracy 
of the method make possible the estimation of a few tenths of a 
milligram of tin, chromium, ferrous, or ferric iron in the presence 
of large quantities of some other elements, and its use in the 
blank estimations involved in some of the ordinary estimations 
by reducing or oxidising agents. The time within which an estim- 
ation can bp carried o\it is greatly shortened. The ('ontent o 
teiTous and ferric iron in a silicate, for example, can ^ deter- 
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I rout to thirty luinnU's. Tho [H’prision attainahle 

is comparable to the best of the ordinary volumetric methods. 

J. F. S. 

New Method for the Estimation of Chromium. A. 

Terni and P. Malaouti {Gazzeita, 1919, 49, i, 251 256). The 

method previously given for the detection of chromium (A., 1913, 
ii, 881) is applicable to the estimation of this metal, the procedure 
being as follows. The solution of the chromic salt is boiled with 
20 C.C. of nitric acid (D 1-4) a'nd about 1 gram of lead dioxide in 
a covered 200^ c.c. beaker until the .volume is reduced to a few 
c.c. The liquid is then diluted with 40—50 c.c. of water, treated 
with sufficient 25 30% sodium hydroxide solution to redissolve 

the precipitated lead chromate, heated to incipient boiling, and 
filtered into a conical litre flask, the residue on the filter being 
washed live or six times with boiling water rendered slightly 
alkaline with sodium hydroxide. The filtrate is diluted to 
150 — 200 C.C., sufficient nitric acid (D 1'2) absolutely free from 
nitrous acid being added to dissolve the lead chromate almost 
completely, and then a further 2d c.c. of the same acid. The acid 
liquid is treated yith 5 — 10 c.c. of 10% potassium iodide solution, 
and the iodide liberated titrated with sodium thiosulphate solu- 
tion containing about 25 grams per litre, previously standardised, 
in presence of 25 c.c. of the nitric acid of D T2, by means or 
J/lO-potassium dichromate solution. The method gives good 
results and is not invalidated by the presence of iron, manaanese. 
or aluminium. T. H. P. 

Rapid Method of Estimating Uranium in Carnotite. 

C. E. Scholl (J. lod. En</. Chem.^ 1919. 11. S42).~The difficul- 
ties of separating uranium in the ])resence of iron, aluminium, and 
vanadium, which are the principal impurities in carnotite. are 
obviated by adding an excess of ferric iron to the solution, pre- 
cipitating the iron, vanadium, and most of the aluminium with 
sodium carbonate at about 90*^, and then precijjitating the uranium 
from the boiling filtrate by means of sodium hydroxide. The 
precipitate is dissolved in dilute nitric acid, the uranium again 
precipitate<l by means of ammonia at 90'^, and the precipitate 
ignited and weighed as uranium oxide, UA^. [See, further, 
•/. ^or. Chem. Jml., 1919, 778a.] C. A. 

Rapid Method for the Estimation of Titanium in 
Ti^iferous Iron Ores. John Waddell {Analyst^ 1919, 44, 
307—309), — The ore is fu.'^ed with sodium peroxide in an iron 
crucible, the mas.s dis,solved in water and sulphuric acid, tartaric 
Jicid is added, and the iron precipitated as sulphide by means of 
hydrogen sulphide and ammonia. After removal of the iron 
sulphide, the solution is boiled with the addition of sulphuric acid 
to expel hydrogen sulphide, and the titanium then precipitated by 
means of ‘^ciipferrou ” (the ammonium salt of nitrosophenylhydr- 
oxylatiiiiip), or the titanium may be estimated colorimetricnlly by 
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livdrogrn [lero.Kide. [See, further, J. Sor. Chem. Ind.^ 1 ()](| 
775a.]' W. P. is/' 

Estiznation of Zirconium as Phosphate. P. Nicolardot 
and A. Reglade {Ann, Ghim, ancU.j 1919, [ii], 1 , 278 — 281. Com- 
pare this vol., ii, 180). — Zirconium may be precipitated quantita- 
tively from a 10% sulphuric acid solution by means of ammonium 
phosphate; two hours should elapse before the precipitate is 
collected. Aluminium, iron, chromium, and nickel do not inter- 
fere, but the iron should be reduced to the ferrous condition before 
the zirconium is precipitated. Titanium must not be present. 
Bismuth is precipitated as phosphate from an acid solution, but 
this metal rarely occurs with zirconium. W. P. S. 

Modified Method for the Analysis of Mixtures of 
Ethylene and Acetylene. William H. Ross and Harlan L 
Trumbull {J. Amer. Chem. Soc.f 1919, 41 , 1180 — 1189).— A 
method of estimating acetylene in mixtures with ethylene and 
other singly or doubly linked hydrocarbons, based on observations 
of Chavastelon (Af 1897, i, 545), is described. When acetylene 
is passed into an excess of a neutral solution of silver nitrate, the 
solution becomes acid, on account of the reaction C^H^+SAgNO^- 
X 2 Ag 2 ,AgN 03 -f- 2 HN 03 . The method described consists in shaking 
* measured volume of the gaseous mixture with a 5% solution o? 
silver nitrate and determining the acidity by titration with 
standard sodium hydroxide. The titration is effected as follows: 
after absorption is completed, sodium hydroxide is added to the 
solution containing the precipitated silver acetylide until the brown 
colour of silver oxide appears; the excess of silver is then precipi- 
tated with 20% sodium chloride solution, and the excess of free 
alkali in solution finally estimated by titration with standard 
hydrochloric acid, using methyl -orange as indicator. The inethod 
is rapid, accurate, and simple of manipulation, and has the added 
advantage of giving accurate results for acetylene in mixtures of 
ethylene or of a gas of such similar properties as vinyl bromide, 
which is readily absorbed by bromine, fuming sulphuric acid, and 
by neutral or ammoniacal silver nitrate. J. F. 8. 

Analysis of Sulphonyl Chlorides of Aromatic Substances. 

F. Neitzel (Chem. Zeit., 1919, 43 , 500). — Three grams of <he 
powdered substance are mixed with 10 c.c. of water, and free 
sulphonic acids and mineral acids are neutralised with sodium 
hydroxide solution, using phenolphthalein as indicator; an excess 
of .y/ 1-sodium hydroxide solution and 20 c.c. of alcohol are then 
added, the mixture is heated under a refiux apparatus for fifteen 
minutes, and the. excws of alkali is titrated. The quantity of 
alkali used for the hydrolysis is a measure of the amount of 
stilphonyl chloride present. W. P. S. 

DetecUon of Methyl Alcohol. Hans Wolff {Chem. Zeit, 
1919, 48 , 555). — The presence of higher alcohols in ethyl alcohol 
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r.e.iHlt?rs the detection of methyl alcohol in the latter untrustworthy 
.if the method used depends on the oxidatioii of the methyl alcohol 
and identification^ of the resulting formaldehyde; the higher 
alcohols, on oxidation, yield substances which give the same color- 
ation with the morphine— sulphuric acid reagent as does form- 
aldehyde (compare Salkowski, this vol., ii, 249). If, however, 
rt^omorphine is used in place of morphine in the test, formaldehyde 
yields a bluish-violet coloration, whilst the oxidation products of 
the higher alcohols give a yellow or reddish-brown coloration. 

W. P. s. 

Estimation of Cyanides, Cyanates, and Bromides 
Present Together. Giuseppe Velardi {BolL chim. farm., 1919, 
58, 241). Titration with silver nitrate solution gives, in alkaline 
solution, the cyanide; in solution neutralised with acetic acid, the 
bromide, cyanide, and cyanate together; in solution acidified with 
nitric acid, the cyanide and bromide. [See J. Soc. Chem. Ind., 
1919, 815a] T. H. P. 

A Method of Tissue Analysis : Applied to the Posterior 
and Anterior Lobes of Cattle Pituitaries, 0. G. Mac Arthur 

(/. Amer, Chem. Soc., 1919, 41, 1225 — 1240). — A modification of 
Koch's method of tissue analysis is described in which the amount 
of material required is usually only 10 grams, but may be as low 
as 2 grams (compare A,, 1910, ii, 78—79). The constituents ard 
separated into three groups, proteins, lipins, and extractives, and 
many instructive determinations made on aliquot parts of each 
fraction. 

The material is first left for several weeks with alcohol, then 
lieate-d to the boiling point on a few occasions during several days, 
and finally filtered through a weighed, paper-lined, perforated 
crucible into a tared beaker, the residue being rinsed with hot 
alcohol a few times. The residue is next left overnight with ether, 
warmed several times, and again filtered, using the same crucible 
and beaker. It is then finely ground and digested with small 
volumes of hot water, the extract being filtered through the same 
crucible into a different beaker, evaporated to about 5 c.c,, diluted 
with alcohol, boiled to coagulate the protein, and filtered into the 
first beaker. All the residues are then transferred by means of 
alcohol to the crucible, which is placed in a continuous extractor 
and digested with 95% alcuhol for thirty hours, and with chloroform 
for ten hours. The residual protein is heated in an oven at 105® to 
constant weight, and the various extracts evaporated in the tared 
beaker to give the weight of extractives plus lipins. The dried 
extract is then made into an emulsion with about 40 c.c. of water, 
treated with 0*5 c.c. of hydrochloric acid to precipitate lipins, 
centrifuged, and the clear liquid decanted into a 100 c.c. flask 
containing 5 c.c. of chloroform, shaken, and the aqueous portion 
pour^ off into another centrifuge tube, centrifuged, and the clear 
solution transferred to a second 100 c.c. flask. The lipin residue 
js treated in the same way with two smaller portions of dilute 
hydrochloric acid, and finally dissolved in a mixture of alcohol and 
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chloroforiii (Uh l) in Iho first 100 c.c. flask,’ ajKt^tbe. voliuiic 
up to the mark. The aqueous solution is also niad^ up. to 100 c c 

The further examination of the three fractions follows the usual 
methods of biochemical analysis, of which the following is a 
summary. Extractives. — (1) Dry weight, ash, and with this any 
desired inorganic constituents, such as calcium and niagnesiui/ 
(2) Total nitrogen, by the Kjeldahl method. (3) Nitrogen as 
ammonia, by rendering a portion slightly alkaline and aspirating 
the ammonia into O'OlxV-acid, after which urease is added to the 
neutralised liquid and nitrogen as urea estimated. (4) Amino- 
nitrogen, by Van Slykes micro-method. (5) Creatine and 
creatinine, by the picric acid, colorimetric method. (6) Uric acid 
by the Folin and Denis colorimetric method (A., 1913, ii, I62’ 
444). (7) Sugar and other substances which reduce Fehling^ 

.solution. (8) Total sulphur and sulphur as sulphates. (9) Total 
phosphorus and phasphorus as phosphates. Lipins . — A portion 
of the solution is evaporated to dryness, hydrolysed by boiling witli 
dilute hydrochloric acid, and thus differentiated into a lipin resi- 
due, which is redissolved in chloroform, and a hydrolysis filtrate 
Total nitrogen, sulphur, and phosphorus are estimated in the 
residue, and the filtrate is examined as follows, (1) Total 
nitrogen. (2) Amino-nitrogen. (3) Volatile amine nitrogen, and. 
with the same portion, choline nitrogen. (4) Iodine absorbed, by 
Hubl's method. (5) Total sulphur. (6) Sugar, by the picric acid 
method. The original lipin solution is also used for the estim- 
ation of phosphorus, nitrogen, sulphur, calcium, the iodine 
value, and also cholesterol, by Bloor's method (A,, 1917, ii, 275). 
Proieim. — Phosphorus, sulphur, calcium, chlorine, and total 
nitrogen are estimated as usual and then the further differentia- 
tion is made by Van Slykes improved method (A., 1915. ii, 8,51), 
the nitrogen being recorded as (1) humin nitrogen, (2) ammonia 
nitrogen, (3) basic nitrogen, (4) arginine nitrogen, (5) histidine 
nitrc^en, (6) lysine nitrogen, (7) cystine nitrogen. (8) mono- 
amino-nitrogen, (9) non-amino-nitrogen, and (10) a-amino-nitrogen. 

The example of the application of this method which is 
described, is the analysis of the pituitary lobes. The anterior lobe 
contains 2 '4% more solid matter and 4% more protein than the 
])Osterior lobe, but there is a great similarity between the proteins 
of the two lobes. The posterior lobe is 0*9?o richer in lipins, these 
resembling the lipins of the grey matter of the cortex, and also 
contains 0‘9% more extractives, the excess being largely due to 
non -phosphate phosphorus, amino- nitrogen, and undetermined 
nitrogen. Both lobes resemble each other so closely that, in spite 
of their different origin, it may be assumed that they develop 
totjether. T. 0. W 



McBAIN AKD TAYLOK ; THB DEQEEE OF HYDRATION, ETC. 1307 

motions ba8ed|^n -th9 hypotheeis that all excess of hydroxide was 
coxtam^ m .the lye and not in the curd proper. As may be shown 
thecretmally this le^s to a perfectly defined result for the value 
of the hydration. This we term the pure “ curd calculation 
The results for sodium palmitate salted out by sodium hydroxide 
are given m teble IV The pressure was different in Job case, 
since It deluded on the condition of the filter bed, pressure being 
applied until the curd began to be forced through. (In one or two 
cases some carbon was mixed with the curd.) Several samples at 
different levels were taken for analysis in some of the experiments. 

■’'*1 !7 fj®® Passed curds of Experiments 15 

and 16 or table 11. * 


Curd composition : 
No. 100 grams contain 

of 

expt. NaP. NaOH. NaCl. 
16 80-01 O-Ui 0-761 

16 80-43 0*160 0-022 


On examining the results of tables IV and V it appears that the 
very great pressure to which the curds were subjected while in con- 
tact with residual lye lowers the degree of hydration to about half 
of that of the impressed curd. This is in accordance with the 
recognised propeHy of colloids that the swelling pressure increases 
enormously as the solvent is removed, although the pressures here 
employed far transcend those hitherto investigated. 

The most effective way of dehydrating soap curd is to press it on 
a porous tile, thus making use of the swelling pressure of kaolin to 
abstract the water. Curds from Experiments 2 and 6 so treated 
and the composition calculated as before, gave values for apparent 
hydration of 1-3 and -TS mols. of water respectively; this appears 
to show that the residual lye had also been greatly concentrated in 
the process owing to hydroxide being left when the water was 
absorbed. 


Table V. 


Method of 
calculation. 
“ Mixed ” 
“ Mixed ” 


Hydration ; mols, 
HjO to 1 NaP. 

2-2 

9.0 


Summary. 

Marked negative sorption of sodium hydroxide occurs when soap 
13 salted out by sodium hydroxide in concentrated solution. 

From the extent of this effect the amount of water contained in 
6 wild part of the curd, as distinguished from the entangled 
ye chnging to it, may be deduced Soap curd is thus shown to he 
mechanical mixture of hydrate (or sorption compound^ and 
mmeshed lye, ' ^ r / 

OXV, O ys 
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The degree of hydration varies with the concentration of lye as 


Lye. 

Sorption compound. 

Pereonta^ of 
fatty acid. 

3-ON 

NaP,3*2HsO 

70-28 

2-6 

NaP,4-4HjO 

71-07 

1-9 

NaP,6-2H,0 

08-89 

1-5 

NaP.6-6H,0 

04-81 


Extreme pressure lowers the degree of hydration considerably. 

In conclusion, we have pleasure in thanking the Colston Society 
of the University of Bristol for a generous grant towards the 
purchase of materials and apparatus. 

Ttttc Chemioai- Departmbnt, 

Bristol University. [Received^ September llth^ 1919 ] 


GXXl.—Reaction of the Potassium Salts of 2-TMol 
d-thio-i-phenyl-i : b-dikydroA : 3 : A-thiodiazok and 
2 : b-DithiolA : 3 : idhiodiazole with Haloge7iaid 
Organic Compounds. 

By PRAFULL.il Chandra Ray, Prafulla Chandra Guha, and 
Radha Kishen Das. 

Gabriel {Btr.y 1877 , 10, 185 ) and Holmberg {Btr., 1907 , 40 , 
1740 ) treated sodium ethylmercaptide with chloroform and 
obtained ethyl orthotritbioformate, CH(SEt) 3 . In the present 
investigation, it will be shown that the potassium atom of the 
complex cyclic mercaptides named in the title is singularly reactive 
towards the halogen atoms of organic compounds of divers types. 
Thus, chloroform, bromoform, and iodoform yield compounds with 
the potassium monomercaptide, which may be represented by the 
general equation 3 RK + CHX 3 = 3KX + CHR 3 , where X represents 
a halogen atom and R the radicle of the complex mercaptide. 
Chloropicrin acts exactly like chloroform, but is far more reactive 
than the lattej, and the reaction may be expressed by the equation 
3RK + N02*CCl3-N0.-CR3+3KCl. 

The behaviour of tribromoresorcinol, benzylidene chloride, mono 
chloroaoetic acid, and ethylene bromide has also been found to e 
of an identical nature. The potassium salt of 2 iS-dithiol-l : 
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thiociiazole, on the other hand, acts almost as an inert substance 
towiirds chloro*, bromo-, and iodo-form. 

It is evident that the presence of the two *SK groups of the 
diniarcaptide exercises a sort of inhibitory influence on the halogen 
atoms. The reactivity of these halogenated compounds can, how- 
ever, be materially enhanced by substituting the remaining 
liydrogen atom by a nitro-group. For instance, chloropicrin acts 
very readily on the dimercaptide even in the cold. The introduc- 
tion of an additional negative group has thus a marked effect. The 
reaction may be represented as follows : 


N-N 


KS' 


jj USK 


+ 2-OOi5-NOj = 


NX'S N— N sc;n 
1 S \u'SC CS-C<f S j 
NX's^ I \/ I ^sc;n 


NOj 


) 

UNO 


+ 6K0J. 


Nitrous fumes escape during the reaction, and an atom of oxygen, 
as shown above, forms the connecting link between the two carbon 
atoms of the residues of two molecules of chloropicrin. 

Ethylene bromide acta on the potassium monomercaptide; only 
one atom of bromide combines with the potassium atom, resulting 
in the formation of the compound, 

Monochloroacetic acid, benzylidene chloride, and ethylene 
bromide no doubt act on the dimercaptide, but the products of the 
reaction are insoluble in the ordinary solvents, and thus cannot be 
purified. 


Experimental. 

Potassium Salt i>f 2-Thiol-6-thichA'phe?j y/-4 : b~(!ihydroA : 3 : 4- 
thiwHazole and Iodoform^ Bromajormy and Chloroform, 

Three molecular proportions of the niercaptide were treated with 
one molecular proportion of the halogenated compound in alcoholic 
solution, the mixture being boiled under reflux on the water-bath 
for several hours. An insoluble mass was obtained consisting of 
the potassium haloid and the organic derivative. The solution was 

3 D 2 
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allowed to cool and then triturated with water. The aquAous 
filtrate on evaporation gave crystals of the potassium haloid, the 
insoluble portion was dried and dissolved in benzene; on evapora- 
tion of the solvent, an oily liquid was obtained, which was redis- 
soived in benzene and precipitated by alcohol as an oil. On keep- 
ing,^ the oil solidified to a yellow powder. As it was difficult to 
get rid of the last trace of iodoform, the powder was repeatedly 
washed with alcohol and dried in the steam-oven until the odour 
of iodoform was no longer perceptible. The substance melted at 
66 — 68 '^. 

With bromoform, exactly the same method was followed, but, as 
it is highly volatile, the excess was easily removed from the yellow 
compound, which melted at 66 — 68®. 

When the reaction mixture in alcoholic solution was heated at 
210 — 220® in a sealed tube for several hours, a tarry, resinous 
mass was obtained, which was collected and dissolved in benzene 
Addition of alcohol to the benzene solution gave the same tarry 
precipitate, but not the yellow powder. The alcoholic mother 
liquor, on concentration, gave shining, needle-shaped crystals 
which melted sharply at 62®. Analysis proved this product to be 
the alcoholate of the compound described above, having the 
formula CHR 3 , 2 EtOH. The yield was very poor, most of the 
product having evidently become resinified owing to the high 
temperature employed. No reaction took place when chloroform 
was heated under reflux with the mercaptide in alcoholic solution. 
The mixture was therefore heated in a sealed tube as in the case 
of bromoform. The filtrate, separated from the resinified mass, 
gave, on evaporation, crystals of the alcoholate melting at 62°; 

0’1520 gave 0“2532 COj. C=45-23. 

OTIOI „ 11-4 C.C. Ng at 32® and 760 mm. N = n‘26. 

0-1260 „ 0-3532 BaSO*. S = 38-48.* 

C25HigNeSj,2EtOH requires C=44-6; N = 10-85; S = 37-50 per cent 

It is thus evident that iodoform and bromoform are more reactive^ 
towards the mercaptide than is chloroform. 

Compound, m. p. 66 — 68®, from iodoform : 

* It may be necessary to point out that in these compounds the sulphur 
atom is lUiked both to an aliphatic and to an aromatic and cyclic residue. 
Carius’s method gave an unusually low result, owing to the formation of 
Bulphonic acid. The excess of nitric acid was therefore neutralised with 
sodium carbonate and evaporated to dryness and fused in a silver dish. The 
product was evaporated several timee with hydrochloric acid before the 
addition of barium chloride. Owing to the presence of a large amount oi 
sodium chloride and unchanged sodium nitrate, the result is generally a litt Q 
too high. 
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0 0953 gave 0-1602 COj and 0*0202 HoO. C = 42*98; H = 2-33 

0-0876 „ 0*2087 BaSO^. 8 = 41*19“ 

0*075 „ 8*3 c.c. Ng at 24° and 760 mm. N = 12*50. 

CgjHieNeSj requires C = 43*60; H = 2*76j 8 = 41-80; N = 12*21 
per cent. 

The compound from bromofonn gave C = 43*ll* H = 2-03' 
N = i2‘59 per cent. 

PotctssiUTTi Salt of the McTcdpton atid Ohlorojncj'in, 

The alcoholic solution of the parent substances was heated at 50° 
under reflux as before. A bulky, yellow precipitate was obtained; 
after decanting off the mother liquor, it was washed with alcohol 
and triturated with water to remove potassium chloride. It 
crystallised from hot benzene in shining, yellow crystals melting at 
128—129°. The reaction was almost quantitative, as was proved 
by weighing the potassium chloride formed : 

0*1140 gave 0*1727 COo and 0*0307 HoO. C = 41-31; H = 2*99. 

0‘0948 „ 11*4 c.c. Ng at 32° and 760 mm. N = 13*18. 

CosHigOgNySj) requires C = 40*97; H = 2’05; N = 13*37 per cent. 


Potassium Salt of the Mercaptan and Trihromoresorcinol. 

The substances were heated in alcoholic solution as before. The 
amorphous powder obtained was freed from potassium bromide by 
water, dried, and dissolved in a mixture of alcohol and carbon 
disulphide; on evaporation, shining crystals melting at 166° were, 
obtained : 

0*0881 gave 0*1458 COo and 0*0236 K,0. C=45-13; H = 2*97. 

00724 „ 0*1897 BaSO^. 8 = 36*00.^ 

^ 8 oH] 8 ^ 2 ^ 6^9 requires C = 46*03; H = 2‘30; S = 36*55 per cent. 


Potassium Salt of the Mercaptan and Benzylidene Chloride. 

The components in alcoholic solution were heated under reflux 
or about an hour. The crystalline product melted at 59 — 62° : 
0*0708 gave 0*1321 COo and 0 0193 HgO. C = 50*87; H = 3*03. 
0-0849 „ 8*6 c.c. at 22° and 760 mm. N = ll*02. 

0-0974 „ 0-2650 BaSO^. 8=35-83. 

requires C = 5M1; H = 2-96; N = lO-40; 8 = 35*55 
per cent. 
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Potassium Salt of the Mercaptan and Ethylene Bromide. 

After heating in alcoholic solution as usual, the insoluble pro- 
duct was freed from potassium bromide by means of water, dried, 
and dissolved in ether. On evaporation, shining crystals melting 
at 94® were obtained ; 

0'1644 gave 0‘2183 COo. C = 36’21. 

0-0812 „ 6-6 c.c. No at 30® and 760 mm. N=8-97. 

0-1303 ,’, 0-0715 AgBr. Br= 23-35. 

CniHjNoBrSs requires 0 = 36-03; N = 8-40; Br = 24-02 per cent. 


Potaisium Salt of the Mercaptan and Monochloroacetie Aci,l. 

On mixing the components in aqueous solution, the reaction takes 
place even in the cold, and is completed on heating. The product 
crystallises from boiling water in silky needles melting at 145®: 

0-1279 gave 0-1935 COo and 0-0414 HoO. 0 = 41 26; H = 3-60. 

0-1697 „ 15-00 c.c. k at 24® and 760 mm. N = 9-99. 

0-1580 „ 0-3495 BaSO,. 8 = 30-38. 

OloHgOjNjSs requires 0 = 42-06; H = 2-81; N = 9 86; 8 = 3381 
per cent. 

It is of interest to note that whilst monochloroacetie acid behaves 
in the above manner, dichloro- and trichloro-acetic acids, on the 
other hand, behave like strong acids, such as hydrochloric acid, that 
is, they simply regenerate the original mercaptan. 

Potasmm Salt of 2:5-Dithiol-\-.5A-thiodiazole and Chloropcm. 

The components were heated under reflux in alcoholic sclutici 
for several hours. Nitrous fumes were, evolved and a yellow pre 
cipiute was obtained. On cooling, this was collated and washed 
with alcohol to remove adhering chloropicrin, and then tnturae 
with water to move potassium chloride. The yellow powder was 
insoluble in nearly a dozen ordinary solvents and in " 

some of them. Two different preparations had, however, the sa 
melting point (166—168®) and the same percentage composition. 

0-1734 gave 0-1274 CO,. C = 20-04 

0-0853 „ 14-00 C.C. NVat 31° and 760 mm, N = 18 03. 

0-0899 „ 0-3907 BaSOg. 8 = 59-68. 

CgON,S,sequires C = 19-83; N = 17'40; S = 59-o0 per cent. 


Chemical Labobatoby, 

College of Sceencb, 

University of Calcutta. 


\Rueiv€ds October 31##, 
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CXXII - — Equilibria 4-cross a Copper Ferrocyanide 
and an Amyl Alcohol Membrane, 

By Frederick George Donnan and William Edward Garner. 

DoNNAN and Allmand (T., 1914, 105 , 1941) investigated the dis- 
tribution equilibrium of potassium and chlorine ions across a 
copper ferrocyanide membrane. In the method adopted, a solution 
of potassium ferrocyanide was placed on one side of the membrane 
and a solution of potassium chloride on the other. The results, 
whilst affording undoubted confirmation of Donnan’s theory 
[ZeiUch. Elektrochem., 1911, 17 , 572), were complicated by the 
uncertainty as to the manner of ionisation of potassium ferro- 
cyanide. It was considered that this difficulty would be overcome 
if solutions of two ferrocyanides were employed on the two sides 
of the membrane, especially if these salts were ionised to the same 
extent. In the present investigation, the sodium, potassium, and 
calcium salts were found to be suitable, and mixtures of these were 
used to test the validity of the theory. 

With a mixture of sodium and potassium ferrocyanides, equil- 
ibrium will be set up by an interchange of sodium and potassium 
ions, since the membrane is not permeable to ferrocyanogen ions. 
Assuming that the ions obey the laws of ideal solutions, the equa- 
tion for the equilibrium is given by 

[Naj*][Ko>[Na.‘][K;], 

where the symbols indicate molar ionic concentrations. 

This equation was derived from thermodynamical considerations 
by Donnan {loc. cit.), and its derivation is also possible from the 
kinetic theory, as follows: The number of ions of any one kind 
penetrating the membrane is proportional to its ionic concentration, 
C\; the number of ions exchanging across the membrane is pro- 
portional, not only to the concentration, Cj, but also to the concen- 
tration of the ion, G.. which interchanges with the first across the 
membrane, that is, 

N--K.G1.G2. 

In the case of sodium and potassium ions, at distribution equil- 
ibrium four kinds of interchanges across the membrane are possible. 
Two of these, (a) and (6) (exchange of like ions), do not affect the 
final concentrations in any way. The four interchanges are shown 
below : 



1314 


DONNAN AND 
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garner: equilibria 

(a) [Na'lt 


(6) [K-] t 

[K'] 

(c) [Na-] 

k [K-] 

{d) [K-] t! 



ACROSS A COPPER 

(2) 


At equilibrium, the number of exchanges due to (c), that is 
Ne = K[Nai*][K 2 *], must equal that due to ((?), that is' 
Nd =K[Na 2 ’][Ki*], therefore [Na/] [K 2 *] = [Na 2 *][Ki*]. 

When the calcium salt is substituted for the potassium salt, the 
equation of equilibrium becomes : 

■ (a) [Ca,"][Na,7 = [Ca,'][Na,-p, 

and 

{h) .[Ca,l[Na,7 = [Ca,][Na,p, 

if the degree of ionisation of the two salts is the same. 

In the case of the sodium-potassium cells which were investi- 
gated, the experimental results showed good agreement with the 
requirements of the theory. 

The degrees of ionisation of the two salts are very similar, so 
that the ratio of the molar concentrations of the salts is the same 
as that of the ionic concentrations. 

The sodium-calcium cells, however, gave unexpected results. 
Whereas the equation (h), which refers to the concentrations of the 
two salts, holds within the limit of the experimental error of the 
analysis, it was found that equation (n) above does not accurately 
represent the relationship between the ionic concentrations of the 
calcium and sodium salts on the two sides of the membrane. The 
activities of the ions in this case appear to be more closely related 
to the molar than to the ionic concentrations. This result also 
may indicate that adsorption plays an important part in the trans- 
ference of the ions across the membrane. 

Further experiments were carried out in order to find a liquid 
membrane which would he permeable to one electrolyte and 
impermeable to a second which contains an ion common to the 
first. With this purpose in view, the solubilities of several salts 
in moist, organic solvents were determined. Amyl alcohol was 
found to be the most satisfactory of these solvents, and potassium 
and lithium chlorides the most suitable electrolytes. Since lithium 
chloride is readily soluble in amyl alcohol (a saturated solution is 
T83iV) and potassium chloride is practically insoluble (a saturated 
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.oUition ip 0’0048JV),* it was hoped to set up a cell of the following 
lype; « 

T. KCl, LiCl in water | Amyl alcohol | LiCl in water II. 

which is of the same type as that investigated by Donnan and 
Allmand with the copper ferrocyanide membrane. 

It was not, however, practicable to use an amyl alcohol 
membrane owing to the slow rate of diffusion of lithium chloride 
through the amyl alcohol. The problem was therefore approached 
m an indirect manner. Determinations were made of the distri- 
bution concentrations of lithium chloride between amyl alcohol 
and water at 25°.^ Aqueous solutions of lithium chloride and 
lithium and potassium chlorides were shaken with amyl alcohol 
and the two layers separated and analysed. The concentration of 
the lithium chloride in II, which is in equilibrium with a mixture 
of the two chlorides in I, was calculated from these results. 

The calculation of the ionic concentrations is complicated by 
the high values of the viscosity of the solutions and by changes in . 
the state of hydration of the lithium ion with concentration. 
Green (T., 1908, 93, 2023) has deduced the degree of ionisation 
of concentrated lithium chloride solutions from measurements of 
the conductivity of solutions of lithium chloride of which the 
viscosity has been increa.sed by means of sucrose. The chief objec- 
tion to the values which are obtained in this way lies in the hydr- 
ation of the lithium ion, which will be affected by the addition of 
sucrose to the solutions. 

The concentrations of the ions and the undissociated part of the 
electrolyte have, however, been calculated, using Green s values 
for the degree of ionisation of lithium chloride, and the results are 
m fairly satisfactory agreement with theory. The agreement is 
better in those cases where the total concentration of the electro- 
lytes 15 below Thus [LiCl]i = [LiCl ]2 and 

[Li/].[CV] = [L^].[CV]. 

The distribution-coefficient of lithium chloride between amyl 
alcohol and water has been calculated, and it appears that lithium 
chloride occurs in amyl alcohol solution as double molecules. The 
coefficient is, however, only a constant over a small range of con- 
centration, and above 5iV the coefficient increases. The increase 
IS probably associated with errors in the degree of ionisation due 
In the dehydration of the lithium ion. 

The experimental work in this paper leads to the conclusion that 
6 same equilibrium relationships are established, whether the 
* Moist amyl alcohol. 


3 
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... • s 1 , 1 . oKniif Viv the transferencd of ions, as is the 

b, .h. 

7ZZdisM part of the electrolyte, as .s the case w.th the 
amyl alcohol membrane. 

Experimental. 

The osmometer vessels used in the determination of the ratios of 
the ions were those described hy Donnan and Allmand (T- 1914 
.105 1944). The copper ferrocyanide membrane m parchmen 
paper was clamped in position between two shallow, cylmdr^al 
v^e^s and was separated from the supporting nm by rubber 
Tand The vessels, which were of Jena glass, were fitted wi h 

?de tubes to facilitate the introduction of the solutions, and the 
volume of each vessel was about lOO-.c. The were 

nrenared by the method descnbed by Donnan and Allmand (/« 
and L parchment paper was usually left in intact with 
the solutions for two days. The membranes were tested for leaks 
by placing a ferrocyanide solution on one side and an isotome 
sLLn of sucrose on the other, and no leakage occurred over a 

^ The ferrocyanides which were used in the investigation were 
purified by crystallisation from water. The calcium and ammonia 
ferrocyanides were prepared from hydroferrocyamc acid (hoyes 
and Johnston, J. Amer. Chtm. Soc., I®*’®’ . , 

Since potassium ferrocyanide forms insoluble double salts with 
magnesium and calcium ferrocyanides, of the type 
R.;K5FeCye,3H20, 

it was not possible to use potassium ferrocyanide against these 
salts in the cells. The precipitation of the insohble salts takes 
place slowly at the ordinary temperature, but quicker on heating 
Ka chemical change weTe taking place. The double salts with 
sodium ferrocyanide are soluble in water. 

Potamnm-Sndiiim Ferrocyanide Celh. 

Solutions were used of a strength 0-025 molar. The usual pro- 
cedure was to place a solution of potassium ferrocyanide 
side of the cell and a solution of sodium ferrocyanide in the ^th^^. 
The time required for the attainment of 
mined by conductivity measurements, and no change th 
ductivity could be observed after an interval of ^ y 

cells weL, however, allowed to r 

over a period of three to five weeks, m which time equil 

certain ^ have been reached. 
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In order to prevent changes in the ferrocyanide solutions with 
time, several precautions were necessary. 

(1) When pieces of well-washed copper ferrocyanide membrane 
were placed in solutions of ferrocyanides, it was observed that the 
strength of the solutions diminished several per cent, in three or 
four days, and at the same time the presence of sulphates in the 
solutions was detected. The change was almost entirely due to 
that side of the membrane which 
was last exposed to the copper 
sulphate solution. The adsorbed 
copper sulphate on this side of the 
membrane reacted with the ferro- 
cyanide solutions, with the forma- 
tion of sulphates and a slight in- 
crease in the thickness of the mem- 
brane. The copper ferrocyanide 
membrane, after being clamped in 
position, was on this account 
washed for three to four days with 
ferrocyanide solutions of the same 
concentrations as those to be used 
in the experiment. 

(2) Another source of trouble 
was the oxidation of the ferro- 
cyanides by the small quantity of 
air enclosed in the osmometer 
vessels. The oxidation was also 
considerable if the conductivity 
of the solutions was measured 
from time to time in the ordin- 
ary conductivity vessels . To 
make the change due to this cause 
as small as possible, a special con- 
ductivity vessel was constructed 
(Fig. 1) which could be filled with 
nitrogen. The amount of air in 
the osmometer vessel was also reduced t-o a fraction of a c.c., and in 
the majority of the experiments, of which the results are given in 
the tables, the cells were not opened until immediately before 
analysis. 

(3) When solutions of different concentrations were employed 
on the two sides of the membrane, osmosis of water was prevented 
by the addition to the solution of the requisite amount of sucrose. 
The amounts which were added were calculated from conductivity 

3 D* 2 


Fig. I. 
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data. The effect due to this cause is, however, small, as Donnan 
and Allmand have shown {loe. cit.). 

The solutions were kept in the dark and the cells shaken every 
two or three days. 

Method of Analysis. 

The solutions of the ferrocyanides were decomposed with con- 
centrated sulphuric acid, and the sulphates of the alkali metals 
converted into chlorides by the precipitation of the iron (twice) 
with ammonia, and of the sulphate with a slight excess of barium 
chloride. After the removal of the barium as carbonate, the 
mixed chlorides in the solution were obtained by evaporisation aad 
weighed. The potassium was determined as perchlorate and the 
sodium calculated by difference. 

The ferrocyanide concentrations were ’ determined before filling 
into the cells, and after the equilibrium had been reached, by 
titration against potassium permanganate solution. These 
analyses serve as a check on the results obtained by the gravi- 
metric analysis. The variation in the ferrocyanide concentrations 
as determined by the three methods outlined above rarely exceeded 
1 per cent. 

A method of analysis based on a conductivity method was not 
found to give the requisite degree of accuracy. 

The results for the potassium-sodium cells are given in table I. 
The weights of potassium chlorate and the mixed chlorides are 
given (in order to indicate the possible errors of the analyses), and 
in columns 6 and 7 are included the molar concentrations of the 
sodium and potassium on both sides of the membrane A and B, 
In column 8 is found the total concentration of the metals, and 
in 9 and 10 four times the total concentration of ferrocyanogen 
before and after the experiment. The results show that no large 
amount of oxidation or absorption of the salts has taken place 
during the period of the experiment. The ratios of the sodium 
and the potassium in the solutions on the two sides of the cell are 
compared in the last column, and it will be observed that the ratio 
is the same for (a) and (&) within experimental error. The ratio 
of the ionic concentrations will be but little different from those 
given in the table, since the degrees of ionisation of the sodium 
and potassium ferrocyanides are very similar. The conductivity 
of 0*025 molaj solutions of potassium, sodium, and ammonium 
ferrocyanides was determined at 25®, and the degree of ionisation 
calculated. The resulta are given in table 11. 
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Table IL 

Degree of lonuation of Ferrocyanides. 


Salt. 


(NH«)4Fe(CN), 
(Na),F6(CN), 
(K)*Fe(CN), ... 



A, Kohl- 


A^=40> 

raoBCh. 

100a. 

383-1 

742-0 

61-G 

337-1 

647*6 

62-1 

393>0* 

742*0 

52-9 


Noyes. 


Thus the relationship given below has been proved to be correct 
that is, 

fN*,-] [Kill 

[Na/i [K-]- 

Since the activities of the potassium and sodium ions are proV 
ably very similar, the equation deduced by Donnan has been shown 
to hold. 

Sodium-Ammmium Cells. 

Ammonium' ferrocyanide solutions slowly attack the , copper 
ferrocyanide membrane. The membrane thickens and changes in 
colour from a dark brown to a reddish-brown. It does not, how- 
ever, appear to break down, as on one occasion a cell was made up 
of a solution of ammonium ferrocyanide on the one side and aa 
isotonic sucrose solution on the other. After five weeks, tlie 
sucrose solution was tested, and it was found that no ferrocyanide 
had diffused through the membrane. The concentration of ferro- 
cyanide had, however, diminished, and the colour of the membrane 
on the one side had changed to a reddish-brown. In consequence 
of these irregularities, only one sodium-ammonium cell was 

examined. The ratio on the two sides were found to be 

[NH^J 

0’8480 and 0‘8595 respectively. 


Bodum-'Calciim Celh. 

The cells were made up as described previously. The amounts 
of sucrose used to prevent osmesis were the same as those used 
with the potassium and sodium solutions of the same concentra- 
tion. The concentrations of sucrose are probably too great in the 
case of the calcium solutions, since the calcium salt is less ionised 
in solution than the potassium salt, but no appreciable osmosis 
occurred. On. the other hand, when the concentrations of sucrose 
were calculated from Sherrills equations {J. Amer. Ohem. Soc.^ 
1910, 32, 742), a considerable amount of osmosis occurred. 

The rate at which equilibrium is reached is aboiit as rapid as 
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ill the cas6 of the sodium—potassium cells. In some cases, the 
changes in. concentration were followed by conductivity measure* 
nients. In Fig. 2 are given the changes of conductivity of a 
sodium-calcium and a sodium-magnesium cell respectively. 

Time 

in days. 0. 1. 3. 4. 5. 6. 7. 8. 10. 12. 

Bridge -reading. 

Na-Ca . 3470 4082 — 4600 — 463.5 — 4643 4635 ^ 

. 2974 3358 3800 — 3994 — 4040 — — 4060 


Fig. 2. 



From the curves and the above table, it will be readily -seen 
that the rate of exchange of sodium and calcium ions is approxim- 
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ately equal to that of sodium and magnesium ions, and that a 
constant reading is obtained in about ten days. 

The slight fall in the bridge-reading at the end of the exjx^ri 
ment (Na-Ca) is probably due to the oxidation of the ferrocyanide, 


Method of Analym. 


The analysis of the solutions of calcium and sodium ferro- 
cyanides gave rise to considerable trouble. owing_ to the small 
volume (100 c.c.) which was available for analysis. The ferro- 
cyanide solution was evaporated to dryn^s and decomposed with 
concentrated sulphuric acid. The mixed sulphates were dissolved 
in dilute hydrochloric acid, and the iron was removed as hydroxide 
with ammonia. The calcium was precipitated as oxalate and con- 
verted into oxide. Traces of iron were sometimes present in the 
oxide, which was on this account dissolved in hydrochloric acid 
and the iron precipitated. The calcium was then weighed as 
sulphate. The filtrate containing sodium sulphate was evaporated 
to dryness, traces of iron were removed, and the sodium was 
weighed as sulphate. 

The results of the analyses are shown in table III, and it is 


found that 


[Ca,l 

[Ca,] [N^‘ 


where the concentrations represent the total concentrations of the 
calcium and sodium atoms in the solution. 

The ratio of the equilibrium concentrations of the calcium ferro- 
cyanide on the two sides of the membrane is slightly higher than 
the ratio of the squares of the equilibrium concentrations of the 
sodium ferrocyanide, but the variations are of the same order as 
those due to errors of analysis. 

The change in the degree of ionisation with concentration is 
known for potassium and calcium ferrocyanides, but not for sodium 


ferrocyanide. 


<1) 0-05 Molar . 
(2) 0*026 Molar 


100a 

K^FefCN)*. Ca,Fe(CN),, 
48*6 22*1 

63*1 23'6 


(Noyes and Johnston, J. Amer. Chem. Soc,, 1909, 31, 1010). 
Similar Ogures have been obtained for calcium ferrocyani e m 

the course of this work. . , 

Assuming that the sodium salt resembles potassium ferrocyanide. 
and that the ionisation of the mixed sodium and calcium sal s 
the same as in solutions of the pure salts with concentrations corr 
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sponding with the ferrocyanogen-ion concentration (Arrhenius), it 
is possible to calculate the ratios of the calcium-ion concentration 
and the ratios of the squares of the sodium-ion concentrations on 
the two sides of the membrane. These are given in the table 
The results (table TV) show that the relationship 

[Ca,"l [Na7]5 
does not hold so strictly as equation (1). 

Table IV. 


Calcium'^odinm Cdh. 



[Ca^l 

[Na,]« 


[Na/]* 

No. 

[Ca,T 

[Na,]»‘ 

[Ca,--]' 


1 

1‘27 

1*25 

1-25 

M9 

2 

1>76 

1-76 

1-68 

1-58 

3 

1'37 

1*33 

1-33 

1-25 

4 

1-80 

1’78 

1-73 

1-61 

5 

1-65 

1-60 

1-49 

1-36 


The activities of the ions of these two salts thus appear to be 
more nearly proportional to the molar concentrations than to the 
ionic concentrations. 

Irregularities occurred in two of the cells. Cell 3, which was 
opened once during the experiment, shows that 2 — 3 per cent, of 
oxidation has taken place, and in cell 5 a change, due to osmosis, 
occurred. Neither of these changes appears to affect the ratio to 
any great extent. 

In cell 5 it should be noted that the concentration of the 
calcium ferrocyanide is greater than that of the sodium ferro- 
cyanide; in the other cells the reverse is the case. 


Avujl Alcohol Membrane, 

The results of some preliminary experiments on this membrane 
are given below. 

Materinh . — Amyl alcohol (b. p. 13Tu^) was obtained by 
repeated fractionation of fusel oil through a six-bulb fraction- 
ating column. One sample of the alcohol was used throughout 
the work. 

The lithium chloride was free from calcium, and was completely 
soluble in amyl alcohol. Its solution in water was neither acid 
nor alkaline. It was also analysed by conversion into lithium 
sulphate, followed by the estimation of the sulphate in this sub- 
stance, ag barium sulphate. 
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Method. — Aqueous solutions of lithium chloride were shaken 
with amyl alcohol in stoppered bottles in a thermostat kept at 25°, 
aiid when equilibrium had been reached, the two layers were 

analysed. 

Arujlyeis . — The aqueous solutions of lithium chloride were 
estimated volumetrically with iV/ 10-silver nitrate, and the results 
^^ere checked by analysis of the lithium as sulphate. 

A known volume of the amyl alcohol layer was placed in a 
Jena-glass distilling flask, and the amyl alcohol distilled off. 
Water was added to the residue, and the solution titrated with 
silver nitrate. 

The solutions containing the potassium and lithium chlorides 
^-ere analysed according to the method employed by Gooch (Proc. 
Amer. Acad.j 22 N,S. 14, 177). A known volume of the aqueous 
solution was evaporated in the presence of 10 c.c. of amyl alcohol, 
and a little hydrochloric acid added to convert any lithium hydr- 
oxide into chloride. The lithium chloride dissolves in the amyl 
alcohol, and potassium chloride is left behind. The residue is 
collected and washed with hot amyl alcohol. The lithium is then 
estimated as sulphate, and the potassium chloride dissolved in 
water and estimated with silver nitrate. To check the results, the 
solution of the mixed chlorides was titrated directly with silver 
nitrate. 

RestiHs . — ^The concentrations of lithium chloride in the two 
layers are given in table V. The concentration of the lithium 
chloride in amyl alcohol diminishes rapidly with decrease in the 
concentration in the aqueous solution. The degree of ionisation 
of lithium chloride solutions cannot be given with any accuracy. 
The viscosity of the solutions is so great that allowance must be 
made in the derivation of the degree of ionisation from the 
conductivity results. Green (?oc. cit.) has determined the 

Table V. 

Bufrihution of Lithium Chloride heiwetn Ami/l Alcohol and 
Water* 


hiClx(|, 

Total. 

[LiCl].v.n. 

Total. 

100a. 

[LiCljAg. 

undissociated. 

[LiClUn, 

[LiCiPAq. 

12-54^7 

1'735A 

36*9 

7*912V 

0*0273 

8-49 

0*903 

47*8 

4*43 

0*0428 

7'77 

0*683 

50*5 

3*85 

0*0418 

6*68 

0*387 

54*2 

3*06 

0*0366 

500 

0*1266 

60*1 

2*00 

0*0277 

3-14 

0*0342 

66*3 

1*06 

0*0256 

300 

00314 

66*7 

1*00 

0*0262 

2-71 

0*0251 

67*7 

0*88 

0*0268 


* In the calculation of the equilibrium constant a correction has been made 
ior the degree of ionisation of the LiCl in the amyl alcohol solution. 
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viscosity and conductivity of solutions of lithium chloride over a 
wide range of concentration, and has corrected for the effect of 
viscosity by the addition of sucrose to the solution. The con- 
ductivity at infinite dilution was calculated over a wide range of 
viscosities; the degree of ionisation is obtained directly from the 


equation a*—, where A is the conductivity of a solution of lithium 

chloride and A/ the conductivity at infinite dilution of a solution 
of lithium chloride containing sucrose, and with the same viscosity 
as the first solution. Washburn (7. Amer. Chem, Soc., 1911, 33, 
1461) finds that the relation between the degree of ionisation, the 


conductivity, and the viscosity is given by the relation - 


A/4 


where f represents the fluidities and m = 0’94, but this hoWs only 

Q \-0N. For more concentrated solutions, m varies with 

the concentration. In table VI, m is given for the concentrations 


Table VI. 

Degree of Ionisation of Concentrated Lithium Chloride Solutions. 


Normality. 

00 

2-0 

30 

40 

6-0 

60 

70 

8-0 

9-0 

IGO 

n-0 

12-0 


/• 

111-67 

84-87 

73-64 

63- 65 

64- 59 
46-27 
38-60 
31-55 
26-28 
19-75 
15-07 
11-42 




m. 





115-3 

— 

0-9()0 

61-63 

68-4 

0-858 

62-58 

65-2 

0-832 

44-76 

61-9 

0*812 

37-85 

68-7 

0-798 

31-70 

66-6 

0-785 

26-04 

62-0 

0-771 

21-05 

48-4 

0-759 

16-725 

44-8 

0-749 

13-225 

42-0 

0-738 

10-395 

39-6 

0-729 

• 8-149 

37*2 

of m 

decreases from 

0’90 to 


lOOa(Green). 


66-7 

63-5 

60-1 

66-8 

63-1 

49-6 

46-0 

43-1 

40-6 

38-2 


The 


degree of ionisation calculated from tne aoove equation anu vu. 
d^ eiven by Green will be found in columns 5 and 6. The values 
are the same as those obtained by Green to within 1-2 per cent, 
-The method of calculation is open to the objection that the lithium 
ion is probably hydrated in solution, and that the conductivi y 
. . .. sM a? k VkiT lifRitim Inna, which are prOD- 


ion is probably nyaracea m -- . 

at infinite dilution, A/, is given by lithium ions, which are prob- 
ably hydrated to a different extent than is the «se in a pu« 

solution of lithium chloride with the hJJh.ie 

lated values of ^he degree of ioniwtion will therefore 

accurate for the more dilute solutions. tables V 

The values of a in Uble VI, column 6, are used “ ^ 
and VII. In table V. the amount of undissociated lithium 
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clxloride (column 4) is calculated from these values of a. From 
the figures in the last column, it will be seen that lithium chloride 
is associated in amyl alcohol solution to double molecules. A 

constant for is only obtained between 2N and 5 A. 

Above this concentration, the coefficient rises from 0-0277 to 0*0428, 
and then falls. The most probable cause of this deviation is dis* 
cussed above, and it appears that the calculated concentrations of 
the undissociated molecules are too low. 

The molar concentrations of the solutions of mixed chlorides in 
I. (p. 1315) and the corresponding e(^uilibrium concentrations of 
lithium chloride in the amyl alcohol are given in table VII. 

Table VII. 


Remits with Amyl Alcohol Membrane. 



Total 

Total 

LiCl in 

Total 

Undissociated 

LiCl 

[Li'] X m. 


Ka 

LiCl. 

amyl 

LiCl. 

^ > 

No. 

I. 

I. 

alcohol. 

II. 

I. II. 

I. n. 

1 

0-944 

3-504 

0-554 

3-78 

1-44 1-36 

5-94 5-86 

2 

1-200 

2-613 

0-303 

2-95 

0-945 0-976 

4-045 3-900 

3 

0-962 

6-45 

0-2236 

6-80 

2-39 2-46 

11-02 1M7 


From the amount. of salt dissolved by the amyl alcohol, and the 
data in table V, the corresponding values of lithium chloride in 
II. are calculated and given in column 5. These figures represent 
the concentrations of lithium chloride in equilibrium with the solu- 
tion of mixed chlorides in columns 1 «nd 2 across the amyl alcohol 
membrane. The ionic concentrations are obtained from Green’s 
values for lithium chloride and from Kohlraiisch and Grotrian’s 
values for potassium chloride. The degree of ionisation for the 
higher concentrations of potassium chloride are obtained by extra- 
polation from the latter values. The degrees of ionisation of 
lithium and potassium chlorides are apparently very similar. The 
ionic concentrations of the solutions of the mixed chlorides are 
calculated on the assumption made in the case of the calcium- 
sodium ferrocyanide cells. 

Cells 1, 2, and 3 show good agreement with the equations 
[LiClJi = [LiCl ]2 and [Lij] [Cl,'] = [Li;] [Ci,^] . The agreement, 
which is better than would be expected, supports the values for 
the degree of ionisation of lithium chloride which were obtained 
by Green. 

Summary. 

Determinations have been made of the equilibrium concentra- 
tions of solutions of sodium and potassium ferrocyanides and 
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sodium and calcium ferrocyauides across a copper lerrocyanide 
membrane, and the results are in general agreement with Donnan § 
theory. 

The following cells were investigated : 

(«) I. Potassium ferrocyanide I Sodium ferrocyanide . 

{h) I. Sodium ferrocyanide 1 Calcium ferrocyanide Ij 

(c) I. Sodium ferrocyanide I Ammonium ferrocyanide ly 

The solutions in (a), (&), and (c) were in the neighbourhood of 
0-025A. 

A liquid membrane bas been investigated; amyl alcohol wag 
chosen as the most suitable solvent, and the electrolytes employed 
were potassium and lithium chlorides, 

(d) I. Lithium chloride L I alcohol I Lithium chloride H 
Potassium chloride i i 

Lithium chloride gives rise to double molecules in amyl alcohol 
solution, and a constant is obtained for the partition -coefficient up 
to 5A. 

So far as the preliminary experiments go, the equilibrium con- 
centrations of the lithium and chlorine ions aud the undissociated 
part of the electrolyte agree with Doiinan's theory. 

jnVBBSITY COLLEOE, 

Gower Street, 

W.C. 1, [Kecefved, September 22)id, 1919,] 


CXXIIL — The Colouring Matter of the Red Pea Gall, 

By Maximilian Niebenstein, 

The colours of oak galls are very varied and rich. They range 
from white and cream through all tints of yellow to deep orange, 
from pale green to a rich, dark hue, aud through almost every 
shade of red, some being very beautiful and attractive. These 
red colours are generally ascribed to the presence of anthocyanins, 
which are supposed to be derived from the tannins present in galls 
(compare Gertz, ‘'Studien bfver Anthocyans," 1906; Connold, 
** British Oak Galls," 1908; Kuster, ‘'Die Gallen der Pflanzen,” 
1911 ; Magnus, Die Entstehung der Pflanzengalleu," 1914). Our 
knowledge of the anthocyanins has been fundamentally increased 
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by the recent investigations of Wheldale, Willstatter, Everest, and 
others (compare Perkin and Everest, “The Natural Organic 
Colouring Matters,'’ 1918). Their researches have conclusively 
proved that the anthocyanins are derived from the different flavones 
present in plants. This suggested an inquiry into the colouring 
matter of the so-called anthocyaniu of the “red pea gall/’ fre- 
quently found on the leaves of different British oak trees, especially 
Quercus 'pedunculata when galled by Dryophania divisa, Adler. 
It seemed reasonable to expect that the anthocyanin of this gall 
would in all probability be derived from cyanidin, the anthocyaniu 
of quercitin, and, if so, it might furnish some evidence regarding 
the much discussed question as to the relationship between the 
pathological products produced by the gall and those normally 
present in the plant (compare Dekker, “Die Gerbstoffe,” 1913). 
It was, incidentally, also thought possible that an anthocyanin 
derived from a gall might prove to be closely allied to quercetone 
or isoquercetone, both anthocyanin-like oxidation products of 
quercetin, described by Nierenstein and Wheldale (Ber., 1911, 44 , 
3487) and Nierenstein (T., 1915, 107 , 869; 1917, 111 , 4), as it 
was probable that the accelerated oxidative processes common to 
larvae and imagines (compare Krogh, “The Respiratory Exchanges 
of Animals and Man,” 1916), which, in addition to numerous 
inquilines, are present in large numbers in galls (compare Connold, 
loc. cit,; Kiister, loc, cit.), would favour the production of an 
oxidation product, such as quercetone, and not that of a reduction 
product, such as cyanidin (compare Everest, Proc, Roy. Soc., 1914, 
[JS], 87 , 444). 

The investigation of the red colouring matter derived from the 
“red pea gall” has, however, to some extent proved disappointing. 
It was found that dryophantin^ the name suggested for this pig- 
ment, was in no way allied either to the flavones or to the 
anthocyanins, but that it consisted of purpurogallin and two mole- 
cules of dextrose. On the other hand, it must be mentioned that 
purpurogallin has not previously been found in nature. Dryo- 
phantin is derived from pyrogallol, like gallotannin, and is there- 
fore of pathological origin, like the latter. Dryophantin, how- 
ever, cannot be regarded as an anthocyanin, and probably the same 
can be said of the other so-called anthocyanins derived from plant 
galls. It is therefore proposed to classify these red pigments in a 
new group of natural organic colouring matters, to which the name 
galloruhronei is assigned. 



1330 


NIERENSTEIN : THE OOLOURJNO MATTER OF 


Preyaration of Dryo'phaniin. 

The galls used in this investigation were collected in the vicinity 
of Bristol and Bast London during the mouths of August anci 
September, 1913, 1915, 1917, and 1918, and care was taken to 
avoid admixtures with the different galls of the Neuroterus species 
frequently met with on the same leaves as the galls of Dryophanta 
divka. In all, 94 grams of the galls were collected, and the dried 
material was powdered and extracted in a Soxhlet apparatus, at 
first with ether and subsequently with chloroform, so as to remove 
wax, chlorophyll, and the so-called gall-fats. The carefully dried 
powder was then again extracted in a Soxhlet apparatus with 
alcohol, which dissolved both the colouring matter and the tannins, 
The alcohol was distilled off in a vacuum, and the viscid residue 
redissolved in water. The cold aqueous solution, made up to 
150 C.C., was shaken with 5 grams of fatrfree caseinogen to remove 
the tannins (compare Korner and Nierenstein, Chem. Zeit., 1911 ^ 
36, 31), filtered, and extracted with ether. The ether left on 
evaporation only traces of a tarry substance, apparently a by- 
product. The aqueous solution was evaporated under diminished 
pressure at about 55^ (water-bath temperature), and the residue 
dissolved in boiling alcohol and filtered. The red alcoholic extract, 
after being evaporated to a small bulk, was poured into water, the 
mixture extracted several times with ether, and the small quanti- 
ties of alcohol and ether present were removed from the aqueous 
liquid by prolonged heating on a boiling- water bath. The solu- 
tion, on cooling, became semi-solid, owing to the separation of 
crystals; these were collected and washed repeatedly with ether 
and dilute alcohol. The deep red product obtained in this way 
was purified by several crystallisations from dilute, and finally 
absolute, alcohol. The air- dry substance was dried at 130° for 
analysis, without apparent loss of weight. The total amount of 
dryophantin thus obtained corresponded with about 4 grams, and 
there was no apparent difference if fresh or old material (about 
six months old) was used, which showed that there was apparently 
no deterioration on keeping. 

Pound: C = 50'2, 50*4; H = 5-5, 5*4. 

requires C = 50'6; H=5*2 per cent. 

Dryophantin was obtained in deep red, glistening needles with 
a broniy lustre. It wm almost insoluble in cold alcohol, sparingly 
soluble in hot water, but fairly readily so in boiling methyl and 
ethyl alcohol, and in larger quantities of boiling acetone. It 
sintered at 216° and melted at 219—220° to a viscous liquid. The 
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addition of ferric chloride to its alcoholic solution produced a 
brick-red precipitate, and a similar precipitate, but slightly darker 
in colour, was also obtained by the addition of lead acetate. A 
trace of ammonia turned the alcoholic solution deep blue, which 
became red on acidification. These colour changes could be pro- 
duced in an unlimited number of times in tbe same solution with-- 
out affecting its sensitiveness to these reagents. Similar blue solu- 
tions were also obtained by the addition of sodium, potassium, or 
barium hydroxides to alcoholic solutions of dryophantin. In this 
connexion, it must be mentioned that similar colour changes are 
also given by purpurogallin itself (compare Wichelhaus, Ber., 
1872, 6 , 848; Struve, Annalen, 1872, 163, 164; Hooker, Ber., 
1887, 20, 3259). On repeating these observations, it was found, 
however, that the colour changes are not so permanent in the case 
of purpurogallin as in the case of dryophantin. 


Hydrolysis of Dryophantin. 

Experiments having shown that dryophantin was a glucoside, 
its decomposition ’vith acid was studied in the following manner. 

O' 5246 Gram, dissolved in 550 c.c. of boiling water, was digested 
with 5 c.c. of sulphuric acid for two hours. A deep red, crystal- 
line product commenced to separate, and more of it was deposited 
on cooling. This was collected in a Gooch crucible, washed with 
cold water so as to remove all traces of sulphuric acid, and dried 
at 160®. In this way, 0T928 gram of purpurogallin was obtained. 

Found : Purpurogallin = 36’7. 

Co3Ho 80]5 requires purpurogallin = 40*4 per cent. 

The low value obtained for purpurogallin is due to its sparing 
solubility in water, and it was found that tbe filtrate recovered on 
hydrolysis of dryophantin to which had been added the washings 
of purpurogallin contained 2*2 per cent, of purpurogallin, when 
determined colorimetrically by Willstatter and Stoll’s method for 
the estimation of small amounts of purpurogallin [Annalen^ 1918, 
416, 46). The total amount of purpurogallin from dryophantin 
corresponded, therefore, with 38*9 per cent., which is 1*5 per cent, 
below the theoretical if the hydrolysis of dryophantin is expressed 
as: 

asHggOi, 4- 2H,0 =: + 2C,H,A' 

A second experiment gave 37*1 per cent, of purpurogallin 
^ravim e tricall y and 1*9 per cent, colorimetrically, corresponding 
with 39*0 per cent, of purpurogallin, which is T4 per cent, below 
the theoretical. 
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The purpurogallin recovered from dryophantin was reorystallised 
from glacial acetic acid, and had the correct melting point of 
274 — 275^ generally given for purpurogallin (Found: C^59‘8. 
H~3'7, Calc.: C=60'0; H = 3*6 per cent.). The acetyl deriv- 
ative, which had been prepared by digesting with acetic anhydride 
crystallised from alcohol in orange-yellow needles melting at 
179 — 180®, and the melting point was not depressed after mixing 
with the tetra-acetyl derivative of purpurogallin (Found- 
C=59*2; H=4-7. Calc.: C = 58-7j H=4-l per cent.). 

The filtrate from the first hydrolysis was quantitatively tested 
for dextrose by Fischer and Freudenbergs method (fler., 1912 
45 , 915), and the dextrose estimated volumetrically in several 
portions of the hydrolysate by Bertrand s method {Bull. Soc. chim. 
1906, [iii], 36 , 1286), as used by Geake and Nierenstein {Berl 
1914, 47 , 893) for the estimation of dextrose in gallotannin. 

Found: Dextrose = 62' 8, 63' 1, 63*0. 

requires dextrose --63‘3 per cent. 

The filtrate of the second hydrolysis was prepared as in the 
experiment for the quantitative estimation of dextrose, and then 
concentrated to a small bulk. It was subsequently converted into 
dextrosazone, which crystallised from dilute alcohol in glistening, 
yellow needles melting at 203 — 204® (Found; N = 15'8. Calc,: 
N=15’6 per cent.). 

The author begs to acknowledge his indebtedness to the Govern- 
ment Grant Committee of the Royal Society for a grant from 
which much of the cost of the investigation was defrayed. 

Bio-chemical Laboratory, 

Chemical Department, 

U^^^*ERSITY OP Bristol. [Received, October 6fA, 1919.] 


CXXIY.— The Effect of Salts on the Vapour Presme 
and Degree of Dissociation of Acetic Acid in 
Solution. An Experimental Eefutation of the 
Hypothesis that Neutral Salts Increase the Dissocia‘ 
lion Constants of Weak Acids and Bases. 

By James William McBaik and James Kam. 

Im 1899 Arrhenius proposed a modification of his classical dis- 
sociation theory to the effect that salts increase the dissociation 
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constants of weak acids present with them in solution, as if either 
the water had acquired greater dissociating power or the salt itself 
was acting as a dissociating medium. The experimental evidence 
he adduced was the rate of inversion of sucrose by weak acids in 
the presence of salts. 

Arrhenius's idea was very generally accepted and developed, 
particularly in the field of non-aqueous solutions; but in 1914 it 
was called in question by McBain and Coleman’s rc -interpretation 
of the direct experimental evidence. On recalculation of the data 
given by Arrhenius, in conformity with present-day conceptions 
of this reaction, they found that the supposed effect was entirely 
absent, thus reversing the significance of the experiments. In 
other words, the dissociation constant of weak acids is not affected 
by the presence of salts. 

They followed this up by a review of all the available experi- 
mental evidence bearing on this subject, and they found that it 
supported only the simple form of the classical dissociation theory. 

One isolated group of experiments was left outstanding, inas- 
much as in this particular case the measurements were conflicting 
in their evidence; these were certain determinations of hydrogen 
ions by the method of electromotive force. The pot-ential of the 
hydrogen electrode in solutions of acetic acid was greater than 
that predicted when sodium chloride was present, although this 
was not the case when sodium acetate was the added salt. 


(1) Object of the Present Investigation. 

The present communication adduces a hitherto unsuspected but 
general effect of such salts as sodium chloride on undissociated 
acetic acid, which would account for the apparent results derived 
from the measurements of hydrogen electrode potential. 

The equilibrium under discussion is 

HAc == ir-f Ac^ 

s'here HAc stands for a weak acid such as acetic acid. The 
potential of the hydrogen electrode in this solution is admittedly 
x)o great when sodium chloride is present. This has hitherto 
3een interpreted as a real increase in acidity; in other words, a 
lisplacem^nt of the equilibrium to the right — an enhancement of 
jhe dissociation constant itself. 

The electrical potential of the hydrogen electrode, however, 
coeasures the product of the chemical potential and the concen- 
tration of the hydrogen ion. Instead of assuming that the increase 
in this product is due to increase in concentration, we here submit 
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experimental evidence for tlie alternative explanation that the 
other factor, the chemical potential, has been enhanced. 

If the concentration of the hydrogen ion has remained unaltered, 
but ite chemical potential or reactivity has been increased, it is 
necessary for the continuance of equilibrium that the chemical 
potential or reactivity of the substance on the left-hand side of 
the chemical equation should likewise have increased. Such 
increase in reactivity or potential of undissociated acetic acid in 
the solution must be accompanied by a parallel increase in the 
partial pressure of acetic acid in the vapour phase. 

This is open to direct experimental test, and we find that a 
remarkable increase is actually exhibited, fully accounting for the 
electromotive force data observed. This removes the last evidence 
in favour of Arrheniuses proposed modification of his classical dis- 
sociation theory. The effect here discovered has to be taken into 
account in most determinations of electromotive force. 

(2) The Experimental Method. 

The simple experimental method adopted was the distillation of 
aqueous solutions of acetic acid with and without addition of 
various salts. 

Pipettes, burettes, and measuring flasks were carefully cali- 
brated. The distillations were carried out in a flask of fused 
silica of about 1500 e.c. capacity, heated directly by contact with 
a large Bunsen flame. The neck and upper half of the flask were 
covered with a lagging of magnesia and asbestos, so as to avoid 
as much as possible fractional distillation in the flask. The dis- 
tance between burner and flask was kept constant through all 
distillations, as was also the flame itself. 

The quantity of distilling liquid was each time 1000 c.c., and 
the ‘distillate was collected in four to five fractions of about 75 c.c. 
each. After each fraction, the distillation was quickly inter- 
rupted for the abstraction of a similar quantity of about 75 c.c, 
from the residue in the flask; the first residue was abstracted as 
soon as the liquid began to boil and just previous to the collection 
of the first fraction of the distillate. 

The residues were left to cool in glass-stoppered bottles, vaseline 
being used on the stoppers to prevent ingress of carbon dioxide 
from the air. 

Samples of 20 c.c. of each of the distillates and residues were 
titrated against standard solutions of sodium^ hydroxide of 
approximately equal strength, with phenolphthalein as indicator, 
the usual precautions were taken to avoid the vitiating effect o 
carbonic acid. Thus for each distillate the ratio JJg could be 
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determined between the concentrations of acetic acid in that dis- 
tillate and the mean concentration of acid in the residue in the 
flask before and after. 

Thus the ratio was determined for solutions of acetic add 
of concentrations varying from 0*05 to It appeared that, 

at least between these limits, increases only very slightly with 
the concentration, as is apparent from the curve No. I of Fig, 1, 
which shows the value of R^ plotted against the acid concen- 
trations. 

The same operations were repeated with solutions of sodium, 
potassium, and lithium chlorides, potassium thiocyanate, potassium 
nitrate, sodium sulphate, and sodium acetate in 0*05 to 0-4iV'-solu- 
tions of acetic acid. The concentration of the salts was deter- 
mined by careful evaporation of 20 c.c. of each residue in a porce- 
lain evaporating dish in a hot-air oven at temperatures depending 
on the nature of the salt in question. The acetic acid was titrated 
as before, in distillate and residue, to obtain the ratio R^ of the 
concentration. 

The values of the ratios R-^ are dependent on the concentration 
of the salts, biit they are independent of the concentration of 
acetic acid. Sodium acetate differs from the other salts investi- 
gated in that it has scarcely any effect on the distillation of acetic 
acid. 


In this manner, values of R^ derived from a very large number 
of distillations of solutions of pure acetic acid became the standard 
of comparison for a number of distillations of acetic acid contain- 
ing added salts. 


(R — R'\ 

The expression 100 — — - gives the percentage increase of 

the ratio R^ caused by the addition of salt. The experimental 
data here presented comprise well above one hundred such 
determinations. 


(3) Method of Calculation of the Distillation Data, 

Distillation was selected for the measurement of the partial 
vapour pressure of acetic acid merely for the sake of convenience 
and accuracy. It must be borne in mind that the composition of 
the distillate shows only the relative proportion of acetic acid and 
water vapour in the vapour phase above the solution. What is 
required is the absolute magnitude of the partial vapour pressure 
of acetic acid at a definite temperature, say 100^. The polymerisa- 
tion of the acetic acid vapour may be neglected for the present 
purpose, since it amounts to only a few per cent, at these low 
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partial procures. Even this slight effect is largely eliminated in 
comparing i?2 with 

Ordinary variations in barometric pressure and the concomitant 
alterations in boiling point have no appreciable influence on the 
composition of the distillate. Hence, all the distillations may 
without error be regarded as having been in effect carried out at 
100®, even where much salt has been added. 

In order to obtain, the absolute instead of the relative magnitude 
of the partial pressure of acetic acid in the vapour distilling over 
at 100®, the actual partial pressure of the water has to be 
evaluated. Now, the partial pressure of the water, which in pure 
water was 760 mm., has been diminished by two effects, for which 
allowance has to be made. 

The first correction may be termed the “ osmotic correction.’’ 
The vapour pressure of the solvent has been reduced in familiar 
fashion through the osmotic activity of the substance in solution. 
Hence, in all cases the observed concentration of the acetic acid in 
the distillate must be diminished accordingly before use. This is 
readily done with sufficient accuracy for the present purpose by 
taking the loweritg of vapour pressure of the solvent to be 1*80 per 
cent, per mol. of total solute (ions and undissociated acid and 
salt). 

The second correction is the ‘' volatility correction.” It results 
from the effect of the appreciable partial pressure of the acetic 
acid in lowering the pressure at which the water actually distils 
over, instead of this occurring at a partial pressure of water vapour 
equal to 760 mm. Here again, then, in order to base the relative 
magnitude of the partial pressure of acetic acid on the constant 
value of 760 mm. for that of water vapour throughout, the vola- 
tility correctiou has to be applied so as to diminish the observed 
concentration of the acetic acid in the distillate accordingly. This 
consists in the reduction of the latter by 0T2 per cent, for a O'lil- 
solution of acetic acid, and taking this correction as proportional to 
the concentration of the acetic acid in the distillate. Since the 
acetic acid was at most N (2, this correction in no case exceeded 
0*6 per cent. 

A third and final correction had tc be made, this time in the 
apparent composition of the solution undergoing distillation. This 
is the “ correction for dissociation ” of the acetic acid in the solu- 
tion. The actual ratios measured were those between the con- 
centrations of" distillates ard the corresponding solutions in the 
distilling flask (the "residues”). What is required is the ratio 
based on the actual concentration of undissociated acetic acid in 
the flask. In the case of solutions containing only acetic aci , 
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this consisted simply in subtracting the known amount of dis- 
sociated acetic acid from the total concentration of acetic acid in 
the flask. The dissociation constant of acetic acid was taken to be 
I'll X 10'® at 100®. 

The correction for dissociation involves much calculation where 
salt is present, since in order to determine the actual concentration 
of undissociated acetic acid, it is necessary to calculate the amounts 
of the various ions and undissociated salts present, including those 
formed by metathesis. For example, with common salt the follow- 
ing molecular species were present: H*, Ac^, Na*, CU, HAc HCl 
NaCl, and NaAc. 

This was done by Arrhenius’s method, which is based on the 
principle of isohydrism [loc. cit,), and agrees with the method of 
Sherrill (7. Amer, Chem, Soc., 1910, 32, 741). The calculation 
is laborious and involves successive approximations. Fortunately, 
the exact degree of dissociation of the various salts has but little 
influence on the results, since the really important values appear in 
both numerator and denominator of Arrhenius’s ec^uations j con- 
ductivity data at the ordinary t-emperature could therefore be 
employed failing nhe existence of such at higher temperatures and 
concentrations. Indeed, the calculation for solutions of one salt 
in acetic acid might have been applied to the case of any other 
salt of the same concentrations, except, of course, in the case of 
sodium acetate. The effect is chiefly dependent on the relative 
concentration of acid and added salts. 

(4) The Distillation of Sohtiions of Fure Acetic Acid. 

Following the method already described, fifteen distillations were 
carried out with A/ 20- to A /2-solutions of acetic acid involving 
more than seventy determinations. The object in view was to 
determine the ratio i? 2 , that is, the ratio, concentration of acid in 
distillate to concentration of acid in residue. 



Od being the concentration of the distillate, being the mean 
value of the concentrations of the residue before and after the 
separation of the distillate. 

The experimental evidence is summarised in table I. For any 
one concentration, the results agreed to within 1 per cent. The 
values of were corrected as described in Section (3) above, and 
they increase by only about 1 per cent, over the whole range of 
concentration. The relative concentration of double molecules, 
which has not been allowed for, changes from about 5 to 3 per 
cent, over this same range. 
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Table 1. (^uurve I.) 

Ratio of Concentration in DktiUate and Reiiduet in Aquecn, 
Acetic Acid. 


Concentration 
of acid in 
flask. 
2^/20 
N/10 
.^^/5 
NIZ 
N12 


(uncorrected). 

0-662 

0-666 

0*673 

0-680 

0-685 


R, 

(corrected). 

0-671 

0-671 

0*674 

0*677 

0-678 


The corrected values of R, increase very slowly indeed. Plotting 
them against the concentrations, we obtain a straight line (Curve I 


in Fig. 1). 


Fig 1. 



I. CH,-COaH, corr . (B == 0*67 1 ; C = 0-678) . 

II. NaCl» uncorr. Percehlage xncreate due to aaU> 

III. NaCa, oorr. i» »» •* 

IV. KCl, „ 

V. KCNS,,s » » •’ fvs-i-n 

VIV Cum: log^^ = 2-302t[l * “ ^ ' 

A0««t?o==l- 

Satioe oJ‘acetic acid in dictiUate and reddue n-ith and without 

rtAApil kOliAa. 


The corrections for volatility and f 

from graphs; for example, in tie ca«> of flT/ZO-acetic 
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amount to -0-06 and -0-09 per cent, respectively. The third 
,«rrection for degree of dissociation of the acetic acid is here I'SC 
per cent. Thus the total correction in this case is an increase ni 
1-35 per cent, on the observed ratio ff,=0-662. Hence we obtain 

(corrected) = 0'662 x 1'0135 = 0-671. 

This value is smaller than the one arrived at by Lord Ravleivh 
(PW. Mag., 1902, [Vi], 4 , 635), ^, = 0-73. Corrected, it reduces 
slightly to 0-725, which is still considerably greater (the reduction 
in this case being caused by the method of calculation of R. from 
the residues). The discrepancy is, however, probably due to the 
different manner of heating. Lord Rayleigh kept the neck and 
upper part of the distilling flask hotter than the boiling liquid in 
order to prevent condensation, We found, however that this 
involved the quantitative evaporation of drops splashing up from 
the boiling liquid, which produces the same error as if they had 
splashed directly into the distillate. It was for this reason that we 
rehed on good heat insulation and fairly rapid distillation. 


Sole on the Calculation of the Composition of the Residues at any 
given Stage of the Distillation, of Acetic Acid. 


Following Lord Rayleigh (loc. cit.), but using concentration of 
residues expressed in mols. per litre, 


^0 _ ^ 


Cl 

where and Cj are the concentrations and Vq and the volumes 
in the distilling flask before and after the distillation. 

For example, for ^2 = 0-671 and ‘^,<'=1, ^» = 8-221. Hence, in 

)rder to double the concentration of the residual acid solution in 
7 ’ 2*^1 

he flask, =0'878, or almost 88 per cent, of the volume of the 


olution must be distilled over. For /?^ = 0-73 (Rayleigh's value 
n A /10-3olution), this quantity would amount to 92 per cent. 
Again, if 40 per cent, of the original volume of solution is dis- 

illed oflf, that is, if =1*183, which means that the 

oncentration of the residue will have increased by 18‘3 per cent. 


(5) The Experimental Data for Added SalU. 

Having determined the ratios for solutions of acetic acid, the 
orresponding ratios, were obtained in exactly the same manner, 
with a salt added to the solution. 

VOL. cxv. o 
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The salts used were the purest obtainable in 1913, and are 
named in Section (2) (above). 

The distillates were in each case tested for traces of the stronger 
acid formed by metathesis, but these were found to be negligible 
The corrections were calculated and applied in the same manner 
*as before, except that the acetic acid destroyed by metathesis wa- 
calculated according to Arrhenius’s principle of isohydrisni 
{ZtiUch. fliy^ikal. 6’^ew., 1899, 30, 208). 

The results are summarised in tables II — VITI, which require 
no further explanation, except to note that in tables II and Yli 
space is saved by averaging the figures for all the values obtainel 
over certain ranges of concentration. The number of experimental 
values so averaged is given in the last column. 

With the exception of sodium acetate, all these salts cause a 


n 

remarkable increase of the ratio an<l sodium chloride shows 


this increase more than any other oi the salts investigated. Sodima 
acetate, on the other hand, appears to have no appreciable effect 
even in 1 'OA' 'Solution. 


Tables II.— VIII. 

Uatios R.J of Concentration of Distillates and Residues of 

Acetic Acid with added Salts, and Increase thereof over R, 
of Table L 

Table II. (Curves II. and III.). Sodium Chloride. 


HAc. 

Salt. 


R,. 

Px 

(corr.). 

R, 

(corr.). 


Expts, 

O'l— 0-2 

(0-12) 

0-688 

0'6’69 

0-690 

0-673 

2-6 

7 

0-1— 0>3 

(0-21) 

0-708 

0-671 

0-7 10 

0-673 

C'-t 

16 

O'l— 0-3 

(0-29) 

0-721 

0-672 

0-716 

0-673 

6-6 

15 

O'l— 0-3 

(0-41) 

0-742 

0-671 

0-721 

0-673 

9-6 

4 

0'13 

0-661 

0-790 

0-668 

0-715 

0-671 

16-9 

1 

0'076 

1-04 

0-830 

0-663 

0-820 

0-671 

22-2 

1 

0'078 

1-38 

0-904 

0-664 

0-885 

0-671 

32-1 

1 

0-077 

2-30 

1-076 

0-664 

1-033 

0-671 

53-9 

1 

Table III. 

(Curve 

IV,, Fig, 1). Potassium Chloride. 


0-22 

0-2— 0-3 

0-7146 

0-673 

0-7111 

0-674 

5-55 

4 

0-2540 

0-4673 

0-7389 

0-675 

0-7309 

0-675 

8-20 

1 

2 

0-2157 

(0-70) 

0-7741 

0-673 

0-759 

0-674 

13-55 

0-2053 

0-9228 

0-S121 

0-673 

0-7930 

0-674 

17-70 

1 

0-22 

1-17 

0-8383 

0-673 

0-8133 

0-674 

21-55 

2 

0'2194 

1-953 

0-9363 

0-673 

0-8872 

0-674 

31-60 

1 

Table TV. (Curve V., Fig. 

1). Potassium 

Thiocyanate 


O' 2— 023 

0-2—0-34 0-6900 

0-673 

0-6868 

0-674 

1-90 

6 

1 

0-2673 

0-6690 

0-7297 

0-675 

0-7181 

0-675 

6-40 

i 

t 

0-2366 

1-663 

0-7693 

0-674 

0-7343 

0-674 

8-90 

i 

1 

0-2595 

2-451 

0-8710 

0-675 

0-8112 

0-675 

20-10 

1 
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Table V. 

(Curve 

VI., Fig. T), 

Sodium 

. Sulphate. 


HAc. 

Salt. 

Rv 

R,. 

R,. 

(corr.). 

R,. 

(corr.). 

L -Sa - 

1 £xpts. 

0-22 

(0-07) 

0-669 

0-673 

0-669 

0-674 

-0-7 

5 

0-22 

(0-13) 

0-674 

0-673 

0-673 

0-674 

-0-2 

8 

0-25 

(0-22) 

0-674 

0675 

0-671 

0-674 

-0-4 

7 

0-25 

(0-36) 

0-683 

0-675 

0-678 

0-674 

+ 0-5 

5 ■ 

0-27 

(0-61) 

0-710 

0-677 

0-700 

0-676 

+ 3-8 

2 

0-29 

MO 

0-762 

0-678 

0-743 

0-675 

+ 10-0 

1 

0-21 

1-40 

0-807 

0-673 

0-786 

0-674 

+ 16-8 

1 

0-22 

1-54 

0-839 

0-673 

0-813 

0-674 

+ 20-6 

1 

Table VI, 

(Curve 

VII., 

Fig. 2). 

Lithium Chloride. 

0.2—0-22 

0-2—0-25 

0-7143 

0-673 

0-7116 

0-674 

5-57 

3 

• 0-2269 

0-2799 

0-7188 

0-673 

0-7147 

0-674 

6-00 

1 

0-2469 

0-3930 

0-7450 

0-674 

0-7375 

0-674 

9-40 

1 


Fio. 2. 




VI. Na-SO., rorr. VIII. KNO,, corr. 

VIL LiCl „ IX. NaCHj’CO,, corr. 

Percentage increase in ratios of acetic acid in distillate and residue 
due to added salis. 


Table VII. (Curve VIII., Fig. 2). Potassium Nitrate. 


0'21 0‘22 0-6944 0-673 0-6940 0-674 M3 2 

0-24 0-3— 0-5 0-7198 0-674 0-7110 0-674 2-32 2 


Table VIII. (Curve IX., Fig. 2). Sodium Acetate. 


0-11 (0-14) 0-6822 0-667 

0-1-0-23 0-4^-67 0-6948 0-671 

0-1-0-28 0-9— M 0-7001 0-673 

0-2900 1‘810 0-7244 0-678 


0-6769 

0-671 

0-8 

3 

0-6799 

,0-673 

0-9 

7 

0-6799 

0-673 

1-3 

3 

0-6834 

0-675 

1-3 

i 


The increase of R^f the relative concentration of the distillate, 
for the same solution of acetic acid, that is, the expression 

3 £ 2 
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amounted to no less than 62 per cent, (observed) 

in the case of 2“3i^-sodmm chloride. 

The increase for most salts seems proportional to the concentra- 
tion of the salt and independent of the concentration of acetic 
acid. 

Curves II~V of Fig. 1 and VI of Fig. 2 show this percentage 
increase plotted against the concentrations, and they point con- 
vincingly towards a straight line function between these two values 
Sodium sulphate differs from all the other salts in that the experi- 
mental evidence shows a slightly negative effect at lower concen- 
trations, up to about 0'3iV. 


Note on the Calculation of Hesidiies in the Presence of Salts which 
exhibit a Straight Line Function of the Ratio Increase. 

The calculation is similar to the one for the pure acid solution, 
but we must introduce the functional relation of with regard 
to the concentration of the salt. 

We have found experimentally for all salts except the sulphate 
and acetate 

100(-^'^’^) = lOOJTp 01- i?j = i?,(K'p + l), 
in which p is the concentration of the salt and K is a constant. 
Hence R-^-R^i^ + 1^, where V is the volume in litres containing 
1 mol. of salt. 

If there are y mols, of acetic acid in V litres of the solution in 
the flask, and a quantity dv of the solution containing dy of the 
acetic acid distils over, we may set the concentration of the dis- 
tillate equal to ^i|f = ^ y 

differentiation — « = c + T + Ac, or 

c y V dv dV \V J 

7 77 *" 

Integrating, 

or 

where Cq and C| are the oonoentrations and 7^^ and Fj the volumesf 
in the (Stilling flask before and after distillation. 
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An alternative formula deducible in the same way is 


log — “ 
*2/1 




- I v u''W_i 

Either of these expressions can be used to calculate the con- 
centration of the acetic acid in the distilling flask if the initial 
value of the salt concentration and either its increase or the 


relative volume of the residual solution are given. They contain 
two constants. 100^ is the one which is peculiar to the added 
salt, and it is simply the percentage increase by I’OiV-salt. The 
other, Bi, is the ratio of acetic acid in distillate and residue for 
the same solution in the absence of salt. It is convenient to 
express Tj aa a fraction of the volume at the beginning of the 
distillation containing 1 mol. of salt; but the initial concentration 


of salt in mols. per litre == 

Inspection of the equations show that they are identical with 
that deduced above for solutions of pure acetic acid, except for 

the correcting factor This factor, of course, dis- 


appears for large values of F(,, that is, for very low concentration 
of added salt. Conversely, for very high concentrations of salt it 
is predominant, as is evident from the consideration that for, sav, 
2-6.¥-potas3mra chloride, no separation takes place, owing to the 
concentration of acetic acid in the distillate having been so raised 
as to equal that of the residue. Above such concentrations, the 
residue becomes weaker instead of stronger. 

The general behaviour of a distillation is shown graphically in 
curve VTa of Fig. 1, which assumes that l-O.Y-sodium chloride 
was initially present (Ff,= l). As the distillation proceeds, the 
salt accumulates, and the concentration of acetic acid in the residue 
slowly rises to a maximum where 50 per cent, of the liquid has 

distilled over (ri = 0'5). At this point, log^J = 0'03, whence 

the increase of concentration is 7*2 per cent. At Fi = 0-27, when 
'3 per cent, has been distilled over, the concentration of the acid 
is a^^ain the same as it was before the distillation. Beyond this 

point, the value for log assumes rapidly negative values, 

owing to the high concentration of salt in the residue. 

The general equation may be tested by one of our experimental 
resul^. Taking the last pair of values in table ITT for potassium 
chloride, I'CTT-potassium chloride increases the ratio of acetic acid 
oy 18’5 per cent., hence ^: = 0 ' 185 . Further, j?3 = 0 ' 674 , 
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1'128 1 

inserted in the equation 

lead to the prediction that (7i = l'078(7o. Experimentally, Cq was 
0’2118iV (less 1 per cent, for metathesis) and Cj after distillation 
0■2194^’ (plus 5 per cent, for the three corrections). Hence 

= Cq~ I’OQSCfl. In general, the concentrations observed 

0‘ J 1 V 

appear to agree with the predicted values within about 2 per cent 

To sum up, the process of concentration or separation of the 
constituents of a binary mixture by means of distillation may thus 
be considerably accelerated or retarded by the addition of a salt, 
and will largely depend on the values of the constants and K 
that is, on the nature of the mixture and of the added salt. 

(6) Discussion of the Results. 

The remarkable effect of a salt on the partial vapour pressure 
of acetic acid must be evident from the preceding. Comparing the 
slopes of the various graphs showing the relationship between salt 
concentration and percentage ratio increase, it appears that the 
effect is greatest for the chlorides of lithium, sodium, and 
potassium, and least for sodium acetate. The effect is in all cases 
independent of the concentration of the acetic acid. 

The increase of the concentration of the residue in the flask for 
acetic acid in aqueous solution during the distillation, not very 
rapid in itself, is still less if salt is also present. At a concentra- 
tion of 2‘3y-sodium chloride, the residue becomes weaker; in other 
words, the vapour phase in the flask contains more acetic acid than 
the liquid from which it originates. 

For sodium sulphate up to about 0'35*V, the experimental 
evidence for the ratio increase seems somewhat complicated. If 
anything, there is a negative effect, as the course of curve YI in 
Fig. 2 indicates. Beyond O-SfliV, the effect is decidedly positive. 
Between 0'35iV and I'hV, the graph is practically a straight line, 
but beyond 1*LY its slope appears to increase until, at r55Y, the 
limit of solubility is approftched. 

Sodium acetate up to \’9iN shows only a very slight effect. 

Although the effect of the cation is undeniable (note, for example, 
the greater slope of the ratio increase for sodium chloride as com- 
pared with the one for potAssium chloride), the influence of the 
anion seems -to be the predominating factor. The series sodium 
acetate, potassium nitrate, potassium thioevanate, sodium sulphate, 
potassium chloride, lithium chloride, sodium chloride, shows t e 
increase in a progreesive degree. It is evident that this order is 
not that of the Hofmeister or lyotropic series. 
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It is well known that there is a general qualitative similarity 
between the effect of neutral salts on such various phenomena as 
solubilities of gases and non-electrolytes, surface tension, compressi- 
bility, maximum density of water, viscosity, dielectric constant, 
imbibition and gelatinisation of gels, and increase or decrease of 
rate of catalysis. The explanation of this undoubted parallelism 
is wholly unknown, and in each individual case there are pro- 
nounced exceptions. In the present instance, the exceptions are 
the acetate and the sulphate, although they may be paralleled by 
certain cases of catalysis. Possibly in the case of the sulphate our 
correction for metathesis (formation of HSO4O has not been suffici- 
ently great. The effects are reconcilable with a solvate form of 
the dissociation theory. 

With regard to the main thesis of this paper, it has now been 
proved that the reactivity of the undissociated acetic acid is 
increased by addition of such salts as sodium chloride. A 0 ' 2 A- 
solution is affected to the extent of 5 '5 per cent, by 0'2J-sodium 
chloride. It was pointed out in the earlier paper {he. cH.) that 
Walpole’s measurements of electromotive force for this particular 
case gave a result for the hydrogen ion which was 7 or 8 per cent, 
too high. These two effects, 5 '5 and 7 or 8 per cent., are equal 
within the experimental error, and thus the effect on the dissocia- 
tion constant deduced for acetic acid cancels out and leaves that 
constant unchanged by the presence of the salt. 

Thus the electromotive force data may be regarded as agreeing 
with all the other data bearing on this subject, and the experi- 
mental evidence all points to the conclusion that the dissociation 
constants of weak substances are not appreciably affected by the 
addition of salts. One point we have not investigated, namely, the 
effect of salts on the chemical potential of the acetat-e ion. 

Snmmarff. 

( 1 ) It is shown experimentally that manv salts enhance the 
partial vapour pressure of acetic acid in aqueous solution by very 
appreciable amounts. In the case of 2 ‘ 3 .y -sodium chloride, the 
increase amounts to no less than 62 per cent. 

(2) Since this partial jjrpssure is a measure of the reactivity of 
the undissociated acid in (he solution, the undissociated acid must 
be regarded as exhibiting enhanced chemical potential in the 
presence of such salts. This is parallel with the available data for 
the effect of such salts on the measurement of hydrogen ion by 
electromotive force. The enhancement is thus discovered to be 
operative on both sides of the chemical equation, and hence to 
leave the dissociation constant of acetic acid sensibly unaltered. 
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These experiments remove the only remaining evidence (apart from 
the ambiguous behaviour of certain insufficientiT investigated 
colloids) for the view that salts might have been regarded as 
increasing the strength of weak acids. 

(3) Whereas a number of salts increase the partial pressure of 
acetic acid to an extent proportional to the concentration, sodium 
sulphate exhibits a more complicated liehaviour, whilst sodium 
acetate has only a very slight effect. All electromotive force data 
on weak acids in the presence of salts other than sodium acetate 
req\iire to be corrected for the effects here described. 


The Chemical Department, 
University op Bristol. 


[deceived, Septemher 1919.] 


exxV. Soni^ Ternary Systems containing Alkali 

Omlatei^ and Water. 

By Albert Cherbcrv David Rivett and Edmund Arthur 
O’Connor. 

Thebe has been considerable discussion at various times regarding 
the alleired formation of certain double oxalates of the alkali 
metals. 'Wenrcl is quoted by some early writers as maintsmmg 
the existence of the double salts KjC.O^NajCjO, and 
KoC.>04,(^ 4)2^2^41 

but Rammelsberg (.1 »«.' My,. Chem 1850 [ii], 79. 562) 
thrown doubt on the one case and Souchay and Lenssen (Annokn, 

1856 99 , 31) on the other. j 

Foote and Andrew (Amrr. Chem.. J ., 1905 , 34 . 164) drew ti 
same conclusions as Rammelsberg and Souchay and Lenssen, and 

s iftb: soHd ir ^^eVS^tt 

Sbter ^ 5 r.!T 008 ,^ [iv], J;25) desen^^^^^^ 

oxalate of potassium and ammonium, "^ting th § 

he formed by adding a concentrated soluteon of pote» 
to a saturated solution of ammonium carbonate. The anal)., 
quotes poinU to a pure, 1:1, anhydrous double salt. 
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None of the authors mentioned made complete investigations 
by the solubility method. Foote and Andrew {loc. cit.) oLined 
a few solubility figures, but to determine the solid phases present 
they relied on a general principle laid down in a previous paper 
[ibid., p. 153) that when two salts are mixed in varying propor- 
tions and treated with water at a constant temperature, the resi- 
due of undiMolved solid remains constant in composition and the 
solution varies if a pure double salt is present, whilst, on the other 
hand, the residue varies and the solution remains constant in 
composition when a mere mixture of the two single salts is present. 
This rule is liable to mislead, if only because it does not take into 
account the possibility of the formation of mixed crystals (solid 
solutions). 

It has seemed worth while, therefore, to apply the solubility 
method more fully to some of these ternary systems of alkaH 
oxalates in water. Knowledge of the solid phases present has 
been obtained by the customary graphic method of plotting in a 
triangular diagram the percentage compositions of pure solution 
and of the moist solid (or “ residue ”) in equilibrium with it, and 
extrapolating the straight line joining the two points to the com- 
position of the pure solid uncontaminated with adhering solution. 
The systems investigated are those containing potassium, sodium, 
and ammonium oxalates, in pairs, with water. The solid phases 
of the individual salts stable at these temperatures with their own 
aqueous solutions are, respectively, K.Co04,H20, (NH4)2a04,H,0, 
and Na2C204. 


Experimental. 

I. System: at 25*^ and 50°. 

The system potassium oxalate, ammonium oxalate, and water 
has been examined at 25° and 50°, and the figures obtained are 
given in tables I and II, respectively, and plotted in Fig. 1. 

Suitable mixtures of the salts (monohydrates) and water were 
heated in bottles, which were sealed and placed in a thermostat, 
in which they were continuously rotated for about forty-eight 
hours. Undissolved solid was allowed to settle, and clear solution 
drawn into a pipette through a small plug of cotton wool held in 
rubber tubing. A known weight was diluted to a suitable volume 
for subsequent analyses. Residues were obtained by pouring solu- 
tion and suspended solid on to a Buchner funnel, drawing the 
solution through rapidly by means of a pump, but disconnecting 
the pump before more than a very small amount of air had been 

3 'E* 
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drav?n through the moist solid. A slight loss of water vapour at 
50° is inevitable, but with rapid working it can be made almost 
negligible. 

Total oxalate was determined by titration of a fraction of the 
stock solution with standard potassium permanganate, ammonium 
by distillation with alkali and absorption of ammonia in standard 
acid, and potassium by difference. Concentrations have been ex- 
pressed in percentages by weight, but as densities have been deter- 
mined in ail cases, figures for concentrations in other terms are 
readily obtainable. 


Table I. 
25°. 


Percentage composition of solution 
or residue (R). 


No. 

Density. 






KjCjO*. 


HsO. 

Solid phases. 

1 

1-021 

— 

5-01 

95-0 

(NH,),C,O,.Hs0. 

2 

1-040 

2-67 

4-72 

92-6 

18-3 

Solid solution of 
K|C,04 ,HjO in 

{NH,),C404,H,0, 

R 2 


0-44 

81-3 

3 

1-058 

4-32 

4-48 

91-2 


R 3 

— 

2-41 

66-4 

41-2 


4 

1-068 

6-51 

4-38 

89-1 


R 4 

— 

2-76 

61-1 

36-1 


5 

1-087 

9 48 

4-16 

86-4 


R 5 

— 

2-62 

72-3 

25-1 


6 

1-107 

12-10 

4-01 

83-9 


7 

1-124 

14-18 

3-78 

81-0 


8 

1-128 

15-37 

3-68 

80-9 


9 

M37 

16-54 

3-57 

79-9 


R 9 

— 

2-14 

80-4 

17-2 


10 

1-166 

19-39 

3-32 

77-3 


RIO 

— 

4-37 

76-4 

19-2 


11 

M85 

21-9 

3-10 

76-0 


Rll 

— 

6-70 

76-2 

19-2 


12 

1-204 

24-3 

2-90 

72-8 

„ 

R12 

— 

13-4 

61-9 

24-7 

„ 

13 

1-217 

25-9 

2-75 

71-3 

Two solid solutions: 

(i) K.CA.HjO in 

(ii) (NH4)CA,H*0 
in KAMA 

U 

1-210 

26-3 

1-83 

71-9 

Solid solution of 






(NH4)C,04.H|0 “ 
K,C|04,H|0. 

15 

1-216 

26-8 

0-85 

72-3 


16 

1-215 

27-2 

— 

72*8 

KX,04,H,0. 
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Table II. 

50®. 


Percentage compoaition of solution 
or residue (R). 


No. 

Density. 

K2CS.O4. 

(NH4)2C204. 

HgO. 

1 

1-034 

— 

9-63 

90-4 

2 

1-080 

7-99 

8-40 

83-6 

3 

M36 

16-20 

7-10 

76-7 

R 3 



4-20 

70-0 

25-8 

4 

M64 

17-99 

6-79 

7^-2 

R i 


5-72 

66-7 

27-6 

5 

M87 

22-4 

6-10 

71<5 

R 6 



13-3 

55*9 

30-8 

6 

1-203 

24-4 

5-75 

69-8 

R 6 


15*2 

56-3 

28'5 

7 

1-254 

30-4 

4-78 

64-8 


8 

1-251 

31-0 

3-34 

65-7 

9 

R 9 

10 

1-252 

1-262 

31-5 

75-5 

33-1 

2-64 

0-47 

65-9 
24-0 
66 9 




Fro. 1. 



Solid phases. 
(NH4)eCjO„HjO. 

Solid solution of 
KjCj 04,H,0 in 


Two solid solutions : 
(i)KAOvHsO in 
(NHJ,Ci 04 ,HjO. 
{ii)(KH 4 )A 0 *,H 40 
in KAOt,H.p. 
Solid solution of 
(NH4 ),CjO 4,H»0 in 
KA04,H»0. 


K.CjOi.HiO. 



With the exception of some of the residues, these results are 
plotted iu Fig. 1, and show distinctly that only two solubility 

3 E* 2 
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curves are obtainable at each of these temperatures, the two meet- 
ing sharply at a quadruple (or condensed triple) point. 

There is no evidence at all of the existence of a double salt. 
On the other hand, it is quite apparent from the relations between 
compositions of solutions and corresponding residues (shown only 
for 50®) that the solid phase present in those complexes in which 
excess of ammonium oxalate is taken (curve GB) is not this pure 
solid, but contains in addition some potassium oxalate. The pro> 
portions of the two in the solid vary according to the composition 
of the solution in equilibrium, and the evidence is definite that 
mixed crystals of the two salts are produced. The more potassium 
oxalate there is in the solution, the more there is in the solid 
The same must hold with regard to the solids in equilibrium along 
the curve AB. These solids will be mainly potassium oxalate 
with steadily increasing proportions of ammonium oxalate. The 
amounts of ammonium oxalate in solutions along this curve are 
however, so small that a slight error in the analysis of the residue 
may make the extrapolation method uncertain in showing the solid 
phase. 

Some of the mixed crystals were dried by draining on a poroua 
tile in a closed vessel immersed in the thermostat. Analysis 
proved the two constituents of these mixed crystals to be the 
respective monohydrates. 

The form of the isotherms, with a sharp change of direction at 
B, shows that two distinct solid phases must be present at this, a 
univariant, point. It follows that the series of mixed crystals is 
not complete, but that there is a limit to the solubility of each 
solid in the other. These limits have not been determined. The 
compositions are also not given by sucb points as D and E in 
Fig. 1, those of the exact solid solutions in equilibrium with the 
corresponding liquid solutions at the other ends of the tie-lines. 
Some of the crystals may have had a core of the pure main oon 
stituent, so that the mean composition represented by D and E 
may be low in potassium oxalate as compared with the solid solu- 
tion itself. All that is established is the existence of mixed 
crystals. 

The work of Foote and Andrew (/oc. ctf.) U not quite extended 
enough to show this. They obtained only the points A, B, and C 
at 25®. 

It has been found impossible to repeat the work of Barbier 
(/oc. cit.), which pointed to the formation of an anhydrous double 
salt, KiC,0„(NH4),C,0,. By following closely the method which 
he described for isolating the compound, crystals were preoipitsW 
which, after drying on a porous tile, contained 81'1 per cent, o 
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ammoni™ OJialate, 6'8 per cent, of potassium oxalate, and (by 
difference) 13'1 per cent, of water. After washing with a solution 
of ammonia, as recommended by Barbier, the proportion of 
potassium oxalate decreased slightly. It appears certain that this 
precipitate consists of mixed crystals of the two hydrates. 

It is of interest to note that Souchay and Lenssen Qoc. cit), 
following Wenzel’s instructions for preparing the alleged double 
salt, obtained crystals which they stated to be ammonium oxalate, 
but containing 0*9 per cent, potash. 


II, System: Na2C204-(NH4)2C204-H<,0 at 25° arid 50°, 

Sodium oxalate differs from both the potassium and ammonium 
Balts in crystallising anhydrous from aqueous solution j hence it is 
less likely that mixed crystals will be formed between it and either 
of the other two. The figures in tables III and IV show that 
neither double salt nor mixed crystals occur in the sodium- 
ammonium system at 25° or 50°. The method of analysis was 
similar to that adopted for the previous system. 


Table III. 

26°. 

Percentage composition of solution 
or residue (B). 


No. 

Density. 

NajC| 04 > 

{NH^l.CjO*. 

H,0. 

Solid phases. 

1 

1‘027 

3*73 

— 

96*3 


2 

1'030 

3*69 

0*74 

95*6 


3 

1*033 

3*65 

1*49 

94*6 


R 3 

— 

63*9 

0*53 

36*6 


4 

1*037 

3*50 

2*48 

94*0 


5 

1*039 

3*51 

2*89 

93*6 


6 

1*043 

3*46 

3*77 

92*8 


#7 

1*047 

3*41 

4*74 

91*8 

Nd^C |04 and 
(NH 4 ),C, 04 ,H, 0 . 

8 

1*043 

2*86 

4*76 

92*4 


9 

1*035 

1*82 

4*81 

93*4 

„ 

R 9 



0*40 

66*9 

32*7 

„ 

10 

1*028 

0*89 

4*88 

94*2 


11 

1*021 

— 

6*01 

95*0 
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Table IV. 

50 ®. 

Fercent^e composition of solution 
or residue (R). 


No, 

Denrity. 

NagCjO*. 

(NH*)3C,04. 

H,0. 

Solid phases. 

1 

1023 

4-54 

— 

95-6 

NajCjO*. 

2 

1031 

4-46 

1-69 

94-0 


3 

1-036 

4-37 

3-14 

92-5 


4 

1-044 

4-28 

4-64 

OM 


R 4 

— 

70-0 

1-47 

28-5 


6 

1-049 

4-29 

6-12 

89-6 


6 

1-056 

4-13 

7-86 

88-0 


R 6 

— 

56-7 

3-64 

39-8 

(NH4),C,04,H,0. 

7 

1-063 

4-05 

9-19 

86-8 

• 8 

1-069 

3-57 

9-21 

87-2 

(nh4),c:o;.h:o. 

R 8 


1-47 

63-4 

36-1 

9 

1-051 

2-45 

9-32 

88-2 


10 

1-042 

1-25 

9-46 

89-3 


11 

1-034 


9-63 

Fia. 2. 

90-4 




The results are plotted in Fig. 2, where, on account of tlie 
sparing solubilities of the two coinponente, only a single angle of 
the triangle is* shown. The residues are omitted. 

III. Syiitm: at 25®. 

Foote and Andrew {toe. cii.) concluded that anhydrous sodiuia 
oxalate and the monohydrate of potassium oxalate can exist si e 
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by Side m with a common saturated solution, and the 

figures m table V. plotted in Fig. 3, confirm this, showing that 
neither double salU nor mixed crystals are formed, Solutions and 
residues were analysed by determining total oxalate by titration 
and tothl anhydrous salts by weighing after evaporation and dry- 
ing at 125®, at which temperature potassium oxalate monohydrate 
IS readily dehydrated, As the amount of sodium oxalate present 
is always relatively small, this indirect method is less accurate than 
that employed in the previous two cases. 


Fig. 3. 



Percentage comj)ositioii of solution 
or rosidiio (R). 


Density. 

K,C,0,. 

XajCjO*. 

H,0. 

Solid phases* 

1215 

27-2 

— 

72-8 

KjC 204 ,HjO. 

1-218 

26-8 

0-77 

72-4 


1-223 

26-3 

1*71 

72-0 


1-226 

26-2 

2-17 

71-6 


— 

81-9 

0-73 

17-4 


1-228 

26-1 

2-50 

71-4 

KjCaO^HjO and 

NajCjOi. 

1178 

19-6 

3-21 

77-2 

NaaCjO^. 

— 

7-00 

66-3 

27-7 

M35 

14-4 

3-21 

82-4 


1-084 

8‘10 

3-40 

88-5 


1-067 

3-99 

3-71 

92-3 


1-026 

— 

3-71 

96-3 

„ 
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Summary. 

(1) It has been stated by some authors and denied by others 
that potassium and ammonium oxalates form a double salt. Isq. 
therms have been obtained at 25® and 50®, and show that at these 
temperatures ndiixed crystals of the monohydrates are formed. 

(2) Anhydrous sodium oxalate has been shown to exist in equil- 
ibrium with ammonium oxalate monohydrate and a commoD 
saturated solution at 25® and 50®. Neither double salts nor mixed 
crystals are formed. 

(3) The same has been shown to be the case at 25® with 
anhydrous sodium oxalate and potassium oxalate monohydrate. 

TInivxk 8ITY Of MmsotnusTE. [Received, November lei, 1919.] 


CXXVL— r^e Decomposition of Carbamide in the 
Presence of Nitric Acid, 

By TunoR Williams Price. 

While investigating the use of dilute nitric acid as a nitrating 
agent at elevated temperatures, it was found that nitration was 
entirely inhibited by the addition of carbamide, although alj the 
acid was used up. This reaction was considered worthy of further 
investigation, the results of which are given in the present com- 
munication. ; 

The action of concentrated nitric acid on carbamide nitrate in 
the solid state at the ordinary temperature has been studied bj 
Franchimont {Bee. trav. chim.^ 1884, 3, 216). who found that a 
gas was given of? slowly, consisting of equal parte of carbon dioxide 
and nitrous oxide. The volume of gas was such that it contained 
all the carbon of the carbamide as carbon dioxide, and half the 
nitrogen as nitrous oxide, the other half forming ammonium 
nitrate. 

No account has been found in the literature of the action of 
dilute nitric^acid on carbamide, although the action of hydro- 
chloric acid and sulphuric acid has been studied by Fawsitt 
(ZeiUch. phynkal, Chtm,, 1902, 41 , 601) and of hydrochloric acid 
by Werner (T., 1918, 118, 84). 

Fawsitt {loc. cii.) found the reaction between carbamide and 
dilute hydrochloric and sulphuric acids to be unimolecular, which 
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he explained by the assumption that the former is first transformed 
to a small extent into ammonium cyanate at a measurable rate, 
and, if the inverse change is neglected, according to a unimolecular 
reaction. The ammonium cyanate is thereupon decomposed into 
the ammonium salt of the acid used, and carbon dioxide at a much 
greater rate than that at which ammonium cyanate is formed, and 
thus the decomposition of carbamide in the presence of hot acids 
is almost identical with the rate at which it is transformed into 
ammonium cyanate, 

Werner (/oc. cit.)y on the other hand, states that the above 
assumption is quite unnecessary, and that the velocity of the 
reaction is regulated by the rate of dissociation of carbamide (at 
100°) into ammonia and cyanic acid, when both products of dis- 
sociation are removed practically as fast as they are generated. 

Whichever scheme of the mechanism of the reaction is correct, 
the final products are the same, namely, carbon dioxide and the 
ammonium salt of the acid used. If the action of hot dilute 
nitric acid on carbamide is the same as that of hydrochloric acid, 
the reaction should be unimolecular, and the products should be 
carbon dioxide and ammonium nitrate. 

Veley (Proc. Roy. 5oc., 1892, 52 , 27) has shown that nitric 
acid decomposes slowly at high temperatures, forming nitrous acid, 
the weaker the acid the higher being the temperature required 
for decomposition ; also, it is well known that carbamide decom- 
poses nitrous acid very readily, forming carbon dioxide and 
nitrogen. Hence it is possible that the true explanation of the 
disappearance of nitric acid when heated with carbamide in solu- 
tion is the alternate formation of nitrous acid from nitric acid, 
and decomposition of the nitrous acid by carbamide. In this case, 
nitrogen will be present in the evolved gas, as well as carbon 
dioxide. 

There are thus three separate methods of decomposition of 
carbamide by nitric acid, the gaseous products in each case being 
different. An analysis of the gas produced will then be of extreme 
importance. 

As will be seen in the experimental part, the reaction between 
carbamide and nitric acid is unimolecular, and the gas evolved 
consists entirely of carbon dioxide. 

Experi mental. 

The carbamide used was ordinary commercially pure carbamide 
recrystallised four times from absolute alcohol. The nitric acid 
solutions were made from pure distilled nitric acid, and contained 
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only a trace of nitrous acid. A normal solution of carbamide is 
taken to be one containing half ita molecular weight in grams in 
a litre of water; all the other solutions of carbamide were made 
up on this basis. 

Ten C.C. of the mixed solutions of carbamide and nitric add 
were placed in hard-glass test-tubes, which were then sealed and 
placed in water at the required temperature. After various 
periods of heating, the tubes were withdrawn, cooled, opened, and 
their contents titrated with standard sodium hydroxide solution 
using methyl-orange as indicator. 

The majority of the experiments were made at 100®, but the 
reaction between iV / 2'carbamide and iV’/2-nitric acid was studied 
at 70®, 80®, 90®, and 100®. 

The influence of certain salts on the velocity of the reaction was 
also examined. 

In order to obtain figures comparable with those of Fawsitt, the 
velocity-constants for a unimolecular reaction were calculated 
according to the equation 


h 


y.i 

h 


d-Xl 


instead of the correct equation, 


k 





a-Xi 


where a is the initial concentration of carbamide, the amount 
of carbamide decomposed in time and the amount decomposed 
in time In every case, fj was fixed at sixty minutes, so as to 
obviate the error due to the time taken for the tube to reach the 
desired temperature. 

o, j], and j|> were obtained from the titre of sodium hydroxide 
immediately after mixing the two solutions, and the titre after 
times ti and fg. 

In one case, the constants for a bimolecular and termolecular 
reaction were calculated. 

Rtivltg . — The results of two experiments are given in detail, 
and all are summarised in table L It will be noted that the 
velocity-constant tends to increase towards the end of an experi- 
ment, and this is much more marked with N- and 2A’-solutioii 
than with the more dilute ones. 
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Experiment 3» ’Carbamide -Nitric Acid at 100 *^. =50*40. 


Time in 


h X 10* 

fcj X 10* 

/fc» X 10’ 

ininutM- 

60 

a — X. 

45-60 

§ 

1, 

0 1 

1 

(bimolecular). 

(termoleculi 

120 

40-61 

84 

45 

84 

180 

35-66 

84 

50 

101 

270 

29-53 

89 

66 

127 

360 

24-21 

91 

64 

163 

480 

17-84 

{ 07) 



600 

13-35 

( 98) 




960 

6-18 

(105) 




1600 

1-21 

(109) 

— 




Mean value it x 10* = 87. 


Experiment 5. j^-Carhamide^'^ j2’Nitric Add at 

a = 25*43. 


Time in minutes. 

a — X. 

k X 10*. 

60 

22-75 

__ 

120 

19-81 

101 

180 

17-25 

100 

270 

13-96 

101 

360 

11-39 

100 

480 

8-29 

105 

600 

6-36 

102 

900 

3-00 

104 

1200 

1-42 

107 

1500 

0-83 

(169) 

Mean value 

X 

0 

II 

102. 


Table I. 


Showing V elodty-constanU obtained in the Decomposition of 
Carbamide. 


Maxi* 


Dura- 


mum 

varia- 


tion of No. of Mean tion of 
Concentration of reaction Tem- expt. in observa- value of ifc from 
mixture. perature. minutes, tions. h x 10*. mean. 


2N-Carbamide + 2Ar.HNO, 


2N- 

N- 

N/2. 

N/2. 

N/4. 

.Y/4. 

N/8- 

N/16- 

N/2. 

N/2. 

iV/2. 

N/2- 

N/2. 

iV/2- 

^12- 


+ N-HNO, 

+ N-HNO, 

+ N-HNO, 

+ N/2-HNO, ... 
+ 2^/2.HNO, ... 
+ N/4.HNO, ... 
+ .N/8-HNOa ... 
+ N/16.HNO, 

+ N/2-HNO, ...\ 
+ N/2.NH,N03 } 
+ N/2.HNO, ...V 
+ N/2.KNO,.../ 
+ N/2-HNO, ...i 
+ N/ 2 -NH 4 CI i 
+ ^//2-HNO, ...\ 

+ N/2.KC1 i 

+ N/2.HNO, ... 
+ iV/2.HNO, ... 
+ Nl2WOt - 


100’ 

420 

7 

73 

2-0 

100 

270 

6 

105 

4-0 

100 

360 

5 

87 

4-0 

100 

1800 

9 

88 

3-0 

100 

1200 

9 

102 

5-0 

100 

600 

5 

108 

2-0 

100 

420 

7 

111 

3-0 

100 

420 

6 

116 

6-0 

100 

360 

7 

133 

8-0 

100 

1500 

10 

122 

5-0 

100 

900 

9 

118 

6-0 

100 

420 

5 

118 

3-0 

100 

600 

8 

116 

3-0 

89 

1800 

9 

23-0 

2-8 

80 

2790 

9 

9-3 

0-7 

70 

9360 

10 

2-4 

0-3 
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Expcf indent 17. — Twenty-five c.c. of iV^-carbamide wid 25 c.c. 
of iV^-nitric acid were heated at 100° in a boiling tube fitted with 
a reflux condenser. A delivery tube connected the top of the con- 
denser to a nitrometer. The total air space from the level of the 
liquid in the boiling tube to the nitrometer was 34 c.c. One 
hundred c.c. of gas were collected in the nitrometer and rejected, 
It was considered that by this time all the air had been swept ont 
of the apparatus, and collection of the gas for analysis was com- 
menced. Fifty c.c. of this gas were almost entirely absorbed by 
a piece of moist potassium hydroxide, only a minute bubble being 
left. The gas was thus composed entirely of carbon dioxide, and 
did hot contain any nitrous oxide or nitrogen, the small residue 
heing either air which had not been completely swept out* of the 
apparatus, or nitrogen from the trace of nitrous add present in 
the nitric add. 

The heating of the carbamide and nitric acid solution was con- 
tinued for fifty hours, at the end of which the solution was 
evaporated to dryness. On analysis, the residue was found to 
consist of ammonium nitrate with a little unchanged carbamide. 


Diicnmon of RemlU. 

The results show that the reaction between carbamide and nitric 
acid in dilute solution is undoubtedly unimolecular. The products 
consist entirely of carbon dioxide and ammonium nitrate. Hence 
the reaction is analogous to the decomposition of carbamide by 
hydrochloric or sulphuric acid, and is not due to the preliminary 
decomposition of nitric acid into nitrous acid with subsequent 
decomposition of the latter by carbamide. 

On comparing the results with those obtained by Fawsitt for 
hydrochloric acid in table II, it will be seen that at all dilutions 
the velocity of reaction is greater with nitric acid than with hydro- 
chloric add. 

Table II. 

Showing Companion between Velocity of Reaction at 100° of 
Carbamide with yiiric Acid and Hydrochloric Add. 

h X 10». 


Beaotioa mixture. 
2N-Carbamide + 2N-aoid 

N/2- 


W/4. 
N/8. ' 
N/ie. 


4- N/2. „ 
+ J^/4- » 
+ „ 
+ 


HNO,. 


78 

— 

87 

58 

107 

77 

111 

00 

116 

101 

183 

101 


♦ Fawsitt' a results. 
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The velocity of reaction diminisjiee regularly with an increase 
in the concentration of the nitric acid, and no maximum point was 
found such as Fawsitt found for hydrochloric acid {loc cit p 612) 
Fawsitt and Werner both state that only free carbamide 'is active! 
According to Werner, the equilibrium between carbamide and its 
nitrate can be represented as follows : 

-fHNOj 

and the reaction between carbamide and nitric acid, on the analogy 
of the reaction between carbamide and hydrochloric acid, can be 
represented thus : 

NET 

Phase 1. HN:C<^ ''+HN 03 = NH,N03+(HNC0 = HO-CN). 
Phase 2. (HNCO = HO-CN) + H20 + HN03 = NH,N03 + C02. 

The diminution of the velocity with increase in concentration 
of the acid can thus be explained, since it is only “free” carbamide, 
and not carbamide "fixed” as its nitrate, which takes part in 
Phase 1 of the reaction. 

Fawsitt found that the decomposition of carbamide in the 
presence of hydrochloric acid was retarded slightly by the addition 
of ammonium chloride, but was accelerated in the presence of 
sulphuric acid by the addition of ammonium sulphate. He also 
found that the decomposition of carbamide in the presence of 
water alone was accelerated by the addition of ammonium 
carbonate, sodium chloride, and potassium chloride, whilst 
ammonium chloride and ammonium hydrochloride had a decided 
retarding eflfect. 

In the presence of nitric acid, the present author has found 
that ammonium nitrate, potassium nitrate, ammonium chloride, 
and potassium chloride all have a distinct accelerating effect on 
the decomposition of carbamide at iV/ 2 -concentration. 

According to the dissociation theory of the decomposition of 
carbamide, the first action of heat on it is the production of 
ammonia and cyanic acid ; in the presence of acids, this is followed 
by combination of ammonia with acid, forming an ammonium salt, 
and by hydrolysis of cyanic acid, forming an ammonium salt and 
carbon dioxide. The addition of the ammonium salt, or of any 
salt Mntaining an ion common with the ammonium salt, to the 
reaction mixture, should therefore have a retarding effect on the 
velocity of decomposition. As shown by the experiments, this is 
not the case when carbamide is decomposed in the presence of 
nitric acid, and hence it would seem that the dissociation theory of 



1360 LEWIS : STUDIES IN CATALYSIS. PART XH. 

the decomposition of cartamide is not applicable in the presence 

of nitric acid. , , .se , 

The great influence of temperature on the velocity will be aeen 

from table HI- 

Table III. 

Showing Effect of Temperature on Velocity of Beaction letwen 
'^j2-Carhamide and N/2-i^tfnc Acid. 


Temperature. 
100 ’ 

89 
80 
70 


h X 10». 
1020 
23'0 
9-3 
2-4 


Below 80° the velocity of decomposition of carbamide is small, 
and at 30° to 40° would be negligible; bence the use of excess of 
carbamide for the removal of nitrous acid from a “ixture of 
nitrous acid and nitric acid will not be accompamed by oss of 
nitric acid as such if the temperature is not allowed to rise 

above 40^^. 

In conclusion, the author’s best thanks are due to Messrs, 
Nobel’s Explosives Company, Limited, and to Mr. Wita 
Rintoul, MLager of the Research Section, for the facihies 
afforded for carrying out this work and for permission to publish 

the results. 


The Rese.4RCh Labobatories, 
Ardeeb. 


[Rccavcd, November 1919.] 


CK.XVU.Studies in Catalysis. Part XII. CatalylK 
Criteria and the Radiation Hypothesis. 

By William Cudmore McC Ullage Lewis. 

The criteria which have been suggested from time to time as apjy 

and Taylor, "Catalysis in Theory and Practice Chap. 2). 

(1) The chemical composition of the catalytic agen 
chaneed on completion of the reaction process. 

2 TMi^nial.amounts of a caUlytic agent are adequate ^ the 
transformation of large quantities of the reading suto^ 

(3) A catalyst does not affect the final state o q 

(4) A catalyst modifies the velocity of two inverse reaction 

the same degree. 



IJBWISj STUDIES IN CATALYSIS. PAKT XSl, 1361 

/e\ ^ catalytic agent is incapable of starting a reaction; it can 
nly modify the velocity of the reaction. 

° Criteria (1) (2) are closely related, (2), in fact, being the 

corollary of (!)• Both would be accepted at once provided 
secondary effects are excluded. To this extent they state a fact 
of experience, and indicate that catalysis is simply a special case 
)f ordinary chemical reactivity. 

Criteria (3) to (5), which form a group by themselves, are in a 
iifferent category, as representing generalisations which may or 
nay not be true. Criterion (4) is the corollary of (3), so that the 
rroup contains two distinct criteria. Considerable difference of 
opinion exists at the present time regarding the validity of these 
conclusions, according to the point of view adopted as the basis 
of criticism. It 'is of some interest, therefore, to examine criterion 
(3) or (4) and criterion (5) from the point of view of the radiation 
hypothesis of chemical reactivity. 

We shall consider criterion (5) in the first place. On the radia- 
tion hypothesis, the possibility of a reaction occurring depends 
on the existence of radiation of a type or frequency absorbable by 
the reacting substance, the quantum of which radiation is suffici- 
ently large to communicate the necessary critical increment to the 
molecule. In the case of thermal radiation, which is the kind of 
radiation envisaged in the quantum theory, theoretically all 
possible wave-lengths or frequencies are represented at any 
temperature. Consequently, the type of radiation necessary for 
any reaction is present in the space occupied by the matter, and 
therefore every reaction is correspondingly possible. This must 
include the so-called catalytic reactions as well as those to which 
his name is not applied. From this point of view, therefore, can 
s-e conclude that a catalyst does not initiate, but simply 
iccelerates, a process which would occur, although under certain 
conditions infinitely slowly t This cannot be affirmed without 
i^ualification. 

In the form in which criterion (5) is stated, it is evidently 
assumed that the same process may occur whether the catalyst 
be present or not, but this assumption is not necessarily true. It 
seems necessary to ascribe in certain cases, if not in all, a definite 
stoicheiometric molecular mechanism to a catalyst, just as one 
would to any other reactant, and consequently, by adding such a 
catalyst, a new process commences (the origin of which is the field 
of radiation) that happens to give rise to certain end-products, 
which, we believe, might be attained in the absence of the caWyst. 
The fact appears to be that criterion (5), as ordinarily stated, 
^nvolves a false antithesis. From the point of view of the radia- 
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.V • mav be said either to render a reaction 

^ Mtilytic effect of ea e^d ie ft, 

:/ -hd” 

addition of ester and either a molecule of 

“r'iutns. probably the undissociated ".. On addi- 
Hon of the catalysing acid, the hydrogen ion accelerates the pro«. 
alrLdy begun by the hydrogen ions already present. The uud.,- 
soLated molecule of the acid may also accelerate the reactionist 
rdoing so it is almost certain that it produces an mtermediate 
\T ^ was not formed in its absence. In so far as the 

teSe'd a new intermediate process possible, although the final 
producte are independent of the nature of this intermediate stage. 
The real source or origin of initiation of any reaction, cn tte 
Radiation hypothesis, is the radiation itself. The material atalyst, 

[f it acU simply as a transformer, hastens a reason which radia- 

■ ‘T 

iime'dtrpflcU. The validity of conclusion (5) depends, 
therefore on the particular view adopted regarding the mecnanm 
S aI process. It seems that two distinct modes of mechanism are 
l^ble and are apparently realised in the well-kno»n mi 
Si On one mclde, the catalyst simply accelerates; on tk 
Sj7t renders a new mechanism possible from the mateml 

""Jlr^IJg now to criterion (3) or (4), which possesses much^k« 

” uTus take the simplest possible case of reversible reaction, 
repreaented by ^ ^ ^ 

Ti, .«w..« ,4 i. 

..dUtioo of ftequenc? tadi.tio. “* 

B The substance B is likewise capable of 

f,.,...., .. - . <•' '>■ 

heat evolved, Q, on passing from 4 to is 
expr«ion- Q^Nh(y,-y>), 

where is the Avogadro number and Q i» referred to o 
molecule of .1 transformed. 
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Let us consider the special case in which or approxim- 

ately 80 . In this case, Q is zero, or approximately so. A catalyst 
acting us a transformer will in this case be unable to distinguish 
between the two types of molecules A. and B, since each is capable 
of absorbing the same type, or approximately the same type of 
radiation. It will therefore catalyse both the direct and the 
reverse reaction ecjually. That is, the opposing velocity constants 
will be equally increased, and the equilibrium constant will remain 
unaffected by the presence of the catalyst. This result is in 
harmony with the criterion. 

If, on the other hand, the heat of the process is considerable, 
that is, vj differs considerably from vg, then it no longer follows 
that a positive catalyst will equally accelerate both reactions. In 
general, it would not be expected to do so, and consequently, in 
general, the equilibrium point will be affected by the catalyst. 
It is a significant fact, in view of the conclusion just drawn, that 
those reactions, such as esterification or hydrolysis, in which the 
equilibrium point is not sensibly affected by the catalyst, are 
precisely those in which the heat effect is small. 

In the above case we have been considering mainly homogeneous 
catalysis by means of ions. Let us now take the case of catalysis 
by the undissociated molecule, such as the molecule of hydrochloric 
acid, which is gencrallv regarded as functioning through the form- 
ation of an intermediate ternary compound. Thus, Falk and 
Nelson (J. Amer. Cheni. Soc.^ 1915, 37, 1732) represent the inter- 
mediate oxonium complex in the case of hydrolysis of esters as 
(ester, HCl, HjO) . In the reverse process, the corresponding com- 
pound is (carboxylic acid, HCl, alcohol). These two compounds 
are tautomeric, and may be identical. If they are identical, as 
Falk and Nelson assume, then the hydrochloric acid molecule will 
equally affect the direct and the reverse process, and thus leave the 
jquilibrium point unchanged, This explanation of the mechanism 
Df the effect produced by the undissociated molecule of the cata- 
lysing acid has certainly the advantage of simplicity. It has this 
implication, however. Such additive compounds are generally 
formed rapidly compared with the rate of any further decomposi- 
tion which they may undergo. If this is so, and if the same inter- 
mediate compound is formed in the hydrolysis as in the esterifica- 
tion, it would follow that the velocity constants should be the same, 
and the equilibrium constant should therefore be unity. This is 
not in agreement with experiment, although it is significant that 
the value of K is not greatly removed from unity. Thus, experi- 
ment has shown that 


r** 

A- 


fraethyl aceta,te] x [water] 
[metbyi alcohol] ; x [acetic acid] 


4-6 
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(compare Part \ of this series of papers, T., 1916, 109 

m- 

This ratio means that the velocity constant of esterification ig 
4'6 times the velocity constant of hydrolysis. On the radiation 
view, this ratio is mainly determined hy the relative value of the 
exponential terms, that is, hy 

where Nhv^ is the critical increment of esterification and is 
the critical increment of hydrolysis, that is, 

At 300° absolute we find, therefore, that Vj=:l x Bott 

and Vo do not, however, lie very far from the value 2xl0’< go 
that the differenc-e in respect of position of absorption of infra-red 
radiation is extremely small, being of the order of one-twentiett 
of the absolute value of either frequency. The same idea is con- 
veyed by savin? that the heat effect does not exceed 1000 calories 
The fact, therefore, that the equilibrium constant possesses a value 
not unity, but not far removed therefrom, means on the radiation 
basis that the intermediate compounds are not identical, but tauto- 
meric, and. further, that both kinds of molecule absorb almost the 
same frequency, so that any change, in the equilibrium constant 
introduced by altering the concentration of the catalyst is 
insensible. (It may be noted that the relatively large change ia 
K observed by T.apworth has its origin, as Lapworth has shown, 
in what is virtually a distinct reaction not directly connected with 
the actual esterification-hydrolysis process itself,) In the case con- 
sidered we conclude, therefore, that as a practical guide the 
criterion (3) or (4) is true, that is, in those cases in which the 
equilibrium constant is not far removed from unity. The con- 
clusion is obviously comparable with that drawn in connexion with 
ion catalysis. 

In addition to homogeneous catalysis by dissolved substances in 
a given solvent, it is well known that different solvents themselves 
Axert their own catalytic effect. From the point of view of radia- 
tion, we conclude that in this type of catalysis criterion (3) or (4) 
cannot, in general, be even approximately true, since each solvent 
is characterised by its own electromagnetic properties, that is, by 
ite power of absorption at different wave-lengths, which differs 
from solvent to solvent, and consequently entails a different dis- 
tribution of radiation density. The particular type of radiation 
required by the reactant ia therefore present to a different extent, 
according to the nature of the solvent, and consequently the 
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velocity constant and equilibriuna constant is a function of the 
solvent. _ Specific differences are further introduced by the muttal 
interaction of solvent and solute, whereby the effective frequency 
itself is altered to a slight extent. ^ 

Finally, as regards heterogeneous catalysis, evidence has been 
collected and presented by Bancroft (/. Physical Chcm.y 1917 21 
573 ; 1918, 22, 433) to show that the catalyst affect^the equil- 
ibrium point of the process. Heterogeneous catalysis has been 
examined in a preliminary manner from the point of view of 
radiation (T., 1919. 115. 182), and it is concluded that the equil- 
ibrium point must be a function of the nature and extent of the 
catalytic material, owing to the alteration in the values of the 
critical increments which is introduced by the presence of the 
catalyst. The catalytic layer here considered is only one molecule, 
or possibly two molecules, in thickness, that is, it is of the order 
10-8 cm. In this layer, the final amounts of reactants and 
resultants will differ, in general, from the true equilibrium amounts 
characteristic of the homogeneous gas phase, for in the adsorption 
layer the relative amounts are determined by the relative adsorp- 
tion capacities. If this is a complete statement of the phenomenon, 
it is evident that criterion (3) or (4) is inapplicable. There is^ 
however, a further possibility to be considered. 

The adsorbed reactants and resultants are in an activated con- 
dition as long as they are actually in the adsorption layer. In 
time, they necessarily pass out into the homogeneous g&s phase, 
owing to desorption. If these molecules at the moment of leav- 
ing the adsorption laver lose the extra energy which they possess 
and become immediately transformed into molecules of normal 
energy content, it follows that their relative concentration in the 
homogeneous gas phase becomes identical with that in the adsorp- 
tion layer, for, in general, the reaction in the homogeneous phase 
is extremely slow. There is the possibility, however, that the 
activated reactants and resultants on leaving the true adsorption 
layer do not immediately revert to the inactive state, but may 
retain their activity for a short space corresponding, perhaps, with 
a layer 10“® cm. in thickness. If this is the case, there will be a 
rapid chemical change in this ejrim-adsorption layer, which will 
tend to bring the concentrations of the reactants and resultants 
into the ratio required by the law of mass action for the homo- 
geneous phase. Whether the true equilibrium point would be 
attained or not would depend on the average life of the activated 
molecules. At moderately high temperatures, the average mole- 
cular velocity may he taken to be W cm. per second; hence it 
would require 10 ’^^ second for a molecule to traverse a distance 
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of 10'*'^ <an. It is possible that the activated state may he main- 
tained for a longer period of tome than this, and therefore the 
more likely is the process to attain the true equilibrium position 
The more selective the nature of the adsorption material^ the 
further, in general, will the equilibrium " of the pdsorption layer 
depart from the true mass action equilibrium. Hence, even if 
such a compensating effect as that suggested above actually operates 
criterion (3) or (4) cannot be regarded as valid. 

It is concluded, therefore, that criterion (3) or (4) is, in general 
not true j in homogeneous systems it approximates more closely to 
experiment the smaller the heat effect accompanying the reaction- 
in heterogeneous systems it is not certain whether even this 
approximation to validity holds good. 

Muspratt Laboratory or Physical and EtBOTBo-OHEansTRy, 
University op Liverpool. 

[ifecrived, October 31 «t, 1919.] 


CXXVIII.— CnYena of the Degree of Purity of 
Commercial Toluene. 

By John Scott Luusden. 

The following investigation was undertaken for the Explosives 
Department of the Ministry of Munitions for the purpose of find- 
ing some easily applied method for estimating the degree of pnritv 
of commercial toluene, and is published with the permission of tie 
Department, 

Commercial toluene contains varying amounts of a liquid which 
cannot be nitrated and has distilled along with the toluene durirg 
rectification. This liquid has not been isolated, but in the follow- 
ing tests the assumption is made that it may be represented hy a 
paraffin mixture which boils close to the boiling point of toluene. 
By fractionation of petrol, a quantity of such a liquid was obtained 
boiling at 108 — 112'^. 

Estimation of Toluene hy Specific Gravity toluene at 15° 
was found to have D 0'8712; the paraffin mixture had D 0'?43. 
Since there is no change in volume on mixing toluene and paraffin, 
a graph was^repared to show the density of mixtures. From this 
graph, it was found that the presence of 1 per cent, of paraffin 
produced a lowering of the density of 0*0013. 

Whilst such a graph may not be depended on to give the accurate 
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percentage of impurity present, because the toluene may be moist 
and the impurity may. not be like that assumed, it is certainly 
useful in indicating poor samples. For example, of two samples of 
commercial toluene, (a) had D 0‘872 and (6) 0-8613. Both were 
fractionated, with the following results : Sample {a) showed a trace 
of moisture, then boiled steadily at 110®. All fractions, right to 
the end, had D 0*8716. This was therefore a very good sample of 
toluene. Sample (h) showed a little moisture, and then boiled 
half a degree below, slowly rising to half a degree above 110®. The 
fractions had D 0'8623, 0-8621, 0*8622, 0*8619, 0*8612, 0*8586 and 
0*8570. The original low density and the decreasing density of 
the fractions pointed to a considerable admixture of paraffins ; from 
the graph, the indication is 7*7 per cent. 

Estimation of Toluene hy Nitration.^To effect nitration, 
potassium nitrate and sulphuric acid were employed, as described 
later. It was soon found that the nitration of toluene cannot be 
made to stop when the mononitro-compound is formed, but that 
any excess of acid is used up, producing the dinitro-compound ; it 
was, however, proved, as the result of many experiments, that 
nitration stops quantitatively when all the toluene has been con- 
verted into the dinitro-compound. 

Using nitration as a means of estimating toluene, there are 
obviously two methods which may be adopted, namely, by nitrating 
with a weighed excess of potassium nitrate, and determining the 
weight of nitric acid remaining after nitration, the amount of 
'void used is obtained, and from that the weight of toluene nitrated, 
T by isolating and weighing the dinitro-compound. Adopting the 
irst method, it was found that the residual acid could be satis- 
actorily determined by the nitrometer, but that by the second 
Qethod the dinitro-compound could not he comple-tely recovered, 
)ecause a small hut definite amount remains in solution in the 
icid liquid from which the substance is filtered. 

The nitration process is as follows. A 100 c.c. flask is weighed, 
ind into this is weighed accurately, by dropping from a fine 
dpette, 2 grams of the sample to be nitrated. Five grams of 
)ure dry powdered potassium nitrate are weighed in a watch-glass 
T aluminium scoop, and transferred with great care to the flask. 
The flask is cooled in water, and 30 c.c. of pure concentrated 
nlphuric acid are poured in rapidly, the flask being shaken con- 
inuously to prevent the formation of solid lumps, which, if formed, 
4ke some time to dissolve. When the action is over, a pale yellow, 
homogeneous liquid is obtained. 

To cause the dinitro-compound to separate, about 60 c.c. of 
?ater are added, the first few c.c. being dropped in slowly, lest 



1368 


lumsden: criteria of the degree of 


the heat evolved should volatilise any nitric acid, and at the same 
time the flask is cooled in water. 

The solid is obtained in soft flakes which are nearly white, 
when the contents of the flask are quite cold, the separation may 
be considered complete. Filtration is effected by the aid of tlig 
pump, using a small porcelain funnel with a small filter paper • the 
preparation flask is washed out with several small amounts of 
water, which are poured through the funnel, and the solid is washed 
free of acid. The filtrate is transferred to a graduated cylinder 
and, together with the washings of the filter flask, is made up to 
exactly 150 c.c. 

The whole operation of nitration proceeds smoothly, and the 
only point where care is needed is when adding water to the 
nitrated liquid, great precautions being then necessary to avoid 
rise of temperature. 

Calculations: CiHj-CH, + 2KNO5 - C,H,(NO.)2’CH.. 

92 202-2 182-0 

2 4-3966 3-95 

(fl) Two grams of toluene require for nitration 4-39 grams of 
potassium nitrate. One per cent, of this — 0’0439 gram— remaiu- 
ing unused, represents 1 per cent, of impurity in the toluene. 
0*004522 Gram of potassium nitrate gives 1 c.c. of gas in the nitro- 
meter; 0*0439 gram therefore represents 9*72 c.c. Working with 
2 grams of toluene, 9*72 c.c. of gas in the nitrometer at N.T.P. 
represent 1 per cent, of impurity. 

(6) Five grams of potassium nitrate are used to nitrate 2 grams 
of toluene, but only 4 ‘3906 grams are required. This is an excess 
of 0*6044 gram, which in the nitrometer would give 133*65 c.c. 
of gas. 

(c) Two grams of toluene give 3*95 grams of dinitrotoluene. 
One per cent, of this — 0*039.5 gram — as a deficit in the yield, repre- 
sents 1 per cent, of impurity in the toluene. 

Examples of yitration, (a) Estimation by EifvQmettT.—^m 
grams of toluene were nitrated vrith 5 grams of potassium nitrate. 
The liquid was made up to 150 c.c., and 15 c.c. were taken for the 
nitrometer estimation. (The 15 c.c. were measured from a small 
burette into the cup of the nitrometer, and 10 c.c. of pure sulphuric 
acid were used to liberate the gas.) 19*8 C.c. of gas at 16'^ were 
obtained, or 18*71 at S .T.P. For the whole 150 c.c. this was 
187*1 c.c. ; deducting the known excess used, namely, 133*65 c.c.. 
leaves 53*45 e.c. As 9*72 c.c, represent 1 per cent, of impurity, 
53*45 c.c. represent 5*5 per cent, of impurity. 

The following are the results of other estimations: 
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Pure tolufine. 

150 c.c. liquid, 16 c.c. 
taken. 

13*27 o.c. gas at N.T.P, 

For 160 c.c. liquid, 

132-7C.C. 

From excess 

taken 133*6 

—0*9 o.c. 
- 0*9/9*72 = - 0*1 per 
cent. 

Toluene 100*1 per cent. 


Good toluene. 

176 C.C. liquid, 20 c.c. 
taken. 

15*7c.c. gas at N.T.P. 

For 175 c.c. liquid, 

^ 137*37 c.c. 

From excess 133*65 


3*72 c.c. 

3*72/9*72 = 0*38 per 
cent. 

Toluene 100 — 0*38 = 
99*62 per cent. 


Poor toluene. 

160 c.c. liquid, 15 c.c. 
taken. 

18*64 c.c. gas at N.T.P 
For 150 c.c, liquid, 

186*4 c.c. 

From excess 133*6 

52*8 c.c. 

62*8/9*72 = 5.4 per 
cent. 

Toluene 100 — 5*4 = 
94*6 per cent. 


The sample of pure toluene shows more than 100 per cent ■ this 
is due to experimental loss. It will be realised that if the 
potassium nitrate is not pure and dry, or if there is any loss before 
the filtrate is made up to a definite volume, less nitric acid is found 
and this is indicated as a small increase in the percentage of 
toluene. 

(b) Estimation hy Weighing the Solid.-IU solid dinitro-com- 
pound is transferred from the filter funnel to a watch-glass and 
set in a desiccator over sulphuric acid, or the watch-glass may be 
set over a beaker of boiling water, when the solid melts to a clear 
liquid with water beneath it. On cooling, the solid forms a firm 
mass, from which water is readily removed by filter paper; then, 
after a much shorter time in the desiccator, the weight becomes 
constant. 

It was found that when the volume, after nitration, was made 
up to 150 C.C., approximately 0*11 gram of solid remained in solu- 
tion, and this amount is added to the weight found in the follow- 
ing examples. 

Two grams of ‘‘pure '' toluene gave 3 8337 grams of solid; add- 
ing 0*11 gram, the total dinitro- com pound was 39437 grams; 100 
per cent, toluene should give 3'9564 grams, therefore the deficit 
is 0-0127 gram. 0*0395 Gram deficit represents 1 per cent, of 
impurity, and 0*0127 gram 0*32 per cent. The toluene was there- 
fore 100 — 0-32 = 99*68 per cent. 

Two grams of a poor sample of toluene gave a deficit of 0-2o73 
gram, that is, 0-2573/0'0395 = 6-5 per cent. The toluene was 
therefore 100 — 6'5 = 93*5 cent. 


Estimation of Toluene hy Miscihiliiy with Acetic Acid, 

Whilst engaged on this investigation, a report by Professor 
Orton was received describing the experimental work detailed in 
his recent paper (this vol., p. 1055). He there showed that when 
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88 to 90 per cent, acetic acid is mixed with toluene in the proper- 
tions of 1 c.c. of acid to 0*8 c.c. of toluene, two layers are fornit^,,!, 
and on raising the temperature, a point of complete miacibility is 
reached which is definite for the same strength of acid, and so 
sharply defined that it can be read to one-tenth of a degree. He 
showed also that the temperature of miscibility of toluene rises 
regularly with the dilution of the acetic acid, and further, that 
for a given strength of acid the temperature of miscibility of 
toluene containing paraffin rises in direct proportion to the amount 
of paraffin present. 

Working with two strengths of acetic acid, 87*9 and 89' 5 per 
cent., and using pipettes of certain volumes, he prepared curves 
from which the percentage of a mixture of toluene and paraffin 
could be found when the temperature of miscibility with one of 
these acids had been determined. The method is susceptible of 
great accuracy, but it is very troublesome to prepare acetic add 
of a definite strength, and almost impossible to keep a concen- 
trated acid without absorption of moisture from the air, and, more- 
over, it requires so much care to carry out the process as set down 
by Professor Orton that it could scarcely be used as a commerdal 
test. The following modification, consisting in the changing of 
an absolute to a comparative method, may, however, be carried 
out in any commercial laboratory. 

A quantity of concentrated acetic acid of unknown strength is 
taken, and with equal volumes of this, the temperatures of misci- 
bility 'with equal volumes of pure toluene, toluene with 5 per cent, 
of paraffins, and the sample of toluene to be tested, are found. 
Then, since the percentage ot paraffins is proportional to the 
increase in the temperature of miscibility, the comparison of the 
rise of temperature of miscibility of the sample with that of the 
5 per cent, paraffin mixture gives the paraffin content of the 


sample. 

• To carry out the test, there is required : 

(1) A quantity of pure toluene, which need not be synthetically 
pure, but might be considered as 100 per cent, quality. 

( 2 ) A mixture of this toluene with 5 per cent, of paraffins, made 
by' mixing 95 grams of toluene with 5 grams of paraffins of the 
same boiling point, prepared by the distillation of petrol. 

(3) Acetic acid, prepared by taking 100 grams of glacial ace ic 

acid, adding a few c.c. of water, and, by trial with tolueM in » 
proportions de^ribed below, finding if two layers are ^ 

the temperature of miscibility is somewhere between 2o an 

(4) The sample to be tesW. , 

The proportions of acetic acid and toluene found by Pro 
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Orton as suitable for the test may be adhered to, and two pipettes 
prepared, one dehveriug 1 ac. and the other 0 8 c.c, or quLtities 
in these proportions, bu they need not be exact. The pipettes 
are made from narrow g ass tubing, and must have fine capillary 
points to deliver very slowly. A tesbtube 1-2 cm. in diameter 
serves as a vessel in which the miscibility point is determined and 
while the test IS being made it may for convenience be fixed to 
the thermometer by a rubber band. The test is carried out as 
follows. With the larger pipette, acetic acid is run into the test- 
tube, and pure toluene is added from the smaller pipette The 
tube IS then fixed to the thermometer, which must be graduated 
in tenths of a degree. Water is heated in a beaker holding about 
2 litres, the temperature being raised speedily, and by stirring with 
the thermometer and tube, an approximation to the miscibility 
point is found by noting the temperature when the two layers 
disappear and a homogeneous liquid is obtained. 

A little cold water is then added to the beaker, the flame is 
turned very low, the water thoroughly stirred, and as the tempera- 
ture slowly rises, the thermometer and tube are moved continuously 
in the water. As the miscibility point is approached, the two 
layers disappear, the liquid becomes opalescent, and then suddenly 
becomes transparent. This is the point at which the temperature 
is noted. By cooling the water in the beaker 1°, the test may be 


The same procedure is gone through with the 95 per cent, toluene 
and with the sample being examined, the tube being washed out 
thoroughly each time and dried in an air-oven. The following are 
results obtained: 


(1) The miscibility temperature wa^ 

(2) Same sample on another day, 

the acid being different 

From (i) 38-3" -‘32^ - ai 
lepresents 5 per cent, of impurity, 9 , pci- cuuv. 

From (2) 40-3“ - 33-4» 6-9% and 44-0’ - 33-4° - 10-6». A rise of 6'9° 

represents 5 per cent, of impurity, 10-6'’ represents 7-6 per cent. 


Pure 

95 Per cent. 


toluene. 

toluene. 

Sample. 

32*0^ 

38-3" 

41 -4® 

33-4 

40-.3 

44-0 

41-4° - 

32" = 9 -4=. A 

rise of 6*3" 


It is seen that the strength of the acid does not require to be 
known; it has only Co renuin constant during the time that three 
portions are withdrawn, aud the pipettes do not require to be of 
definite volume, although they must deliver precisely the 
same volume each time. 

The three tests might be carried out simultaneously by having 
t ree test-tubes attached to the thermometer, one with each mixture, 
VOL. CXV. 3 5- 
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and the three points of miscibility determined as the temperature 
of the water is raised. 

When the same sample of toluene was tested by the different 
methods, the following results were obtained i 


From specific gravity curve 92-3 jicr cent. 

From nitrometer estimation after nitration 92-9 ,, 

By weighing dinitro -compound 92- 6 

By temperature of miscibility with acetic acid 92-5 [[ 


Con The specific gravity of commercial toluene gives a 
fair indication of the amount of impurity present; the estimation 
of the temperature of miscibility with acetic acid is quickly done 
and, although a comparative method, if skilfully carried out is 
trustworthy; the nitration and estimation of the excess of nitric 
acid by the nitrometer is believed to be the most accurate test 
and indicates the t-otal nitration which has taken place, and the 
weighing of the solid after nitration gives the actual practical 
yield of nibro-compound. 

By none of the methods, under ordinary conditions of workiu^, 
can an accuracy closer than one -half per cent, be expected. 

Thb Technical Collhce, 

Dundee. [Received, October 1919 .] 


CKXlX.'—l\3-Be7izodiazoharsinic Acids and their 
Reduction Products. 

By Robert Reginald Baxter and Robert Georoe Fargheil 

Since the discovery of salvarsan (Ehrlich and Bertheiiu,ilfr,,19l2. 
45 , 756), many attempts have been made to prepare derivatives 
or closely allied products which would render unnecessary the some- 
what elaborate technique involved in the clinical use of the original 
compound, which, owing to its pronounced acidity, has to be con- 
verted into the disodium salt, in turn alkaline in reaction, before 
use. Neosalvarsan, the sodium A'-methylenesulphinate of salvarsan, 
introduced to avoid these difficulties, possesses many advantages, 
such as ready solubility and neutral reaction, but, in spite of these, 
there is a consensus of opinion in favour of salvarsan, as its spiro* 
chaeticidal action appears to be stronger and more certain. 

In this and in other cases the attempts have led to the fonuatioa 
of acid derivatives giving neutral salts with alkalis. The authors 
desired, on the other hand, to obtain hydrochlorides soluble in 
water and sufficiently less acid in reaction than salvarsan to admit 
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of their direct use, and it was with this K' • 

present investigation was commenced since 

able that the hydrochlorides of the’ arLlK P™b- 

h3-benzodiazole (benzoglyoxaline) would furnTth’"* 

further, considering the properties of i ^ ^■®l«iremente. 

.Igu b. i "“l™, •h.y 

thus closely resemble salvarsan itself Properties, and 

Additional interest would attach to sur^h ^ . 

their relationship to 3 ; 4 : 5 : 3/ ; 4/ ; 5/.},. . in view of 

its A-methyl derivatives (D R -P oSfirrT 
394276 ; E.^. 7488 and Boif ot 191^ ^ 07f f 

1914, 47, 1316; Karrer, Her., 1916 49 1449 u ?' 

pos^ss the unexpected property oi dis’solving h/ataThtd™ 
carbonates, forming carbamates with fh« ^ / hydrogen 

(D.R.-P. 269660; E.P. 1667 of 1914) low toxicity 

obtained by the well-known reaction of orib^n r ’ . 
or acetic acid, whereby the aclrd! iva 

if a diacjl derivativa, with eoiiseqtiaat olo’-iHo of ft"'” " f 

w..h„g, ,m. 8. m: lv.,..d*2;;8fd: 

Th. ...hiii,, or 3,1.*., w,,;., of,, o,j 

which crystallises from boiling water unchan„edl L tJ . , ’ 
save for alight decomposition when heated at L>50°/20*°mm° tnl 

stiL^rs 

absence of anhydrides ’ the ' reaction Imoceeds' wr ill ”diS 
foraiatmu of a monoacyl derivative, ‘“teruiediate 

a;6-Z)j«mitto-m-to/i/fom,iic aM (I), which, together with 3-4 

z; r 

5-nit i e t - " obtained by the reduction of 

P P te. It undergoes all the condensations typical of an 

y\ 


nh^ 

\/ 

AsO,H^ 

(I.) 


HjOjAs! 


CH, NH 

/N/Sn 


\/ 


III.) 


-':N 


YYY> 

ySy\/\/ 


fVsO.H, 




/ 


(III.) 

3 F 2 
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<Hiiaimne, giving, for example, with sodium nitrite in acid solution 
l-vuthylA:2:Z’h6nzotriazoU-^-arsinic acid (II), and with phen- 
anthraquinone, i-niethyljjhenanthra'phcnatiru-2-arHnic acid 
The latter derivative shows the colour reactions characteristic of 
phenanthraphenazine. 

With boiling glacial formic acid, the acids readily yielded 
7-m€thi/l-l:Z'henzodiazole~b-amnic acid (IV) and I'^^-henzodimok- 
5~an'inic acid (V) respectively. 


CH, NH 
H,0,Asl^y— N 

(IV.) 


NH 


/ 

H,0,Asl^ 



(V.) 


The action of acetic acid did not proceed quite so smoothly, 
3 : 4-Diaminophenylarsinic acid, although stated (Bertheim, loc. cii.) 
to be readily soluble in acetic acid, is far from being so, and, on 
boiling with acetic acid, acetic anhydride, or a mixture of the two, 
gives rise to very highly coloured products, which are difficult to 
purify. If the reaction is carried out as described in the experi- 
mental portion of this paper, the main product is Z'A'diacetjil 
aniinophenplarsink acid, which, on heating with water in a sealed 
tube at 130°, yields 2-?ncthplA \ 3djen2odiazoh-h-ardmc acid (VI). 
In the case of the higher homologue, the desired reaction takes 
place predominantly, with the formation of ^'l-dimcthylA-.l 
benzodiazoh-o amnic add (VII). Incidentally, it may be men- 
tioned that it has since been found that if 3 : 4-diaminophenylarsiaic 
acid, dissolved in the requisite amount of sodium hydroxide (40 pei 
cent, solution) to form the monosod iura salt, is treated witk 
sufficient acetic anhydride to neutralise the sodium hydroxide and 
form acetic acid with the water present, and then boiled, the mais 
product of the reaction is the beuzodiazole derivative. 


h,o,aJ^'- 

(VI.) 


NH 

N 


CH, NH 


/\/\, 




NH 

cn/N/h 

N''-.,j^^iAs; 


iIAhI^ 


11,0, Asl.^^ • 
(Vll.) 
NH 


/ 


(Vlll.) 


The reduction of the above acids with hypophosphorou! jdd, 
although it proceeds normally, leads to gelatinous products i c 
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to And consequently the reduction was carried out by means 

of sodium hyposulphite. This gives pale yellow ar^enohmztnt^^ 
insoluble in water, which were converted into hydrochlorides by 
precipitating their solutions in acetic acid with excess of hydro- 
(jhloric acid, or by treating the suspensions of the bases in water 
with just sufficient hydrochloric acid to bring about solution, and 
precipitating as before. The hydrochlorides form pale yellow 
powders, soluble in water, but very sparingly so in the usual organic 
solvents. Their aqueous solutions react strongly acid to litmus, 
bub neutral to methyl-orange. 

It was expected that this acidity would prove too great for pur- 
poses of intravenous injection, and that it would be difficult to 
distinguish between the effect due to the acidity and that due to 
the arsenic compound. This was confirmed by experiments with 
-Q:fif.arsem-l\^\V -.d^djenzodiazole (VIII) by Miss Soref, of the 
'Wellcome Physiological Research Laboratories. 

Experimental. 

3 : A-Di/i ?n ino ph e nylarsi ?i ic A cid. 

The preparation of consideralfie quantities of this acid was 
Lrried out according to the directions given by Berthcim (loc. cit.), 
ive that it was found advisable to omit the lioiling of the solution 
ffcer the reduction with sodium hyposulphite, as this diminished 
le yield and gave a more highly coloured product. 


1 : 2-Benzodia2ole-o-en'.Anic .1 rid (V). 

Ten grams of 3 : 4-diaminophenylarsinic acid were boiled under 
reflux condenser for six hours with 100 c.c, of glacial formic acid. 
Liter removal of the excess of formic acid by distillation, water 
'as added, when 7-5 grams of crystalline material rapidly 
^parated. To remove adhering traces of colouring matter, the 
■roduct was treated with charcoal in dilute alkaline solution. On 
laking neutral to methyl-orange, crystallisation commenced at 
nee, practically the whole being recovered in a pure state. 
l:Z'Benzodiazole-5-ars{}itc ncid crystallises from water, in which 
t is sparingly soluble, in clusters of minute, flattened prisms, which 
re anhydrous. On heating, it gradually darkens above 250° and 
iecomposes rapidly about 297° (corr.). 

Pound: N = U-4; Ab^ZO'8. 

C-H^Oj^NgAs (242‘1) requires N-ll’C; As^3(»*yt) per cent. 
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b ; 3 : V-henzodiazole (VIII). 

A solution of 5 grams of 1 : S-benzodiazole-S-arsinic acid in 
100 c.c. of water containing 1*2 grams of sodium hydroxide was 
treated with 50 grams of sodium hyposulphite and 11'5 grams of 
magnesium chloride dissolved in 300 c.c. of water, and the mixture 
heated, with stirring, at 60° for two hours in an atmosphere of 
carhon dioxide, by which time the precipitation of the yellow 
arsenobenzene was complete. After cooling, the product was 
collected, well washed with water, suspended in 90 c.c. of water, 
dissolved by the addition of sufficient hydrochloric acid to form the 
dihydrochloride, filtered from trace.s of undissolved matter, and 
precipitated by pouring into an equal volume of concentrated 
hydrochloric acid. The hydrochloride was collected, well washed 
with alcohol and ether, and dried in a vacuum over sulphuric acid. 
The yield amounted to 3’9 grams. 

5 : 5'-.4rse/io-l : 3 ; \V-henzodunQle. is obtained as a bright yellow 
powder practically insoluble in water or the usual organic solvents, 
sparingly, if at all, soluble in methyl alcohol containing hydro- 
chloric acid, but fairly readily so in 50 per cent, acetic acid. The 
dihyjdroclihiride forms a pale yellow powder soluble in water, very 
sparingly so in methyl alcohol or ethyl alcohol, and quite insoluble 
in acetone or ether. The aqueous solution reacts acid to litmus, 
but neutral to methy bo range, After drying in a vacuum over- 
night, it retains solvent equivalent to two molecules of water, 

Found: N--113; As-30'2 ; C! - 13-8. 

CnH„^NjAs.,,L>Hn.2TT.>0 (493 1) requires N=::lb4; As--^30-4; 

C1 = 14'4 per cent. 


Z\i-Dyieffi}hminopheny'lnrnmc Ackf and Q.-Ueih^il-\\Z-hmzo- 
diazolt-^y-amnic .4 cid (VI). 

“Experiments in which diaminophenylarsinic acid was heated witt 
glacial acetic acid, with acetic anhydride, with acetyl chloride and 
pyridine, or with acetic anhydride in the presence of a trace of 
sulphuric acid, were unsucces^^ful, owing to the considerable amount 
of decomposition which occurred. It was found, however, that if 
the acid, dissolved in methyl alcohol, was treated with a mixture 
of acetic acid and acetic anhydride, and the methyl alcohol then 
removed as completely as possible by distillation on the water-hatli, 
the resulting solution, after heating to active boiling for four hours, 
gave an excellent yield of a product, which, from its composition, 
proved to be the diacetyl derivative of diaminophenylarsinic acid. 

^ ; ^-Biacei ^lamlnoj)hen)dnrRiu fr and crystallises from water, W 
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^hich it is fairly readily soluble, as a felted mass of fine needles 
which retain from 2 to 2*5 per cent, of solvent. 

Found: loss at 110® (two specimens) 2*6, 2*2. 

In dried material: N=:8'8; As -23*8. 

CioHisOjNaAs (316’1) requires N, = 8*9; A8^23*7 per cent. 

As the product did not lose acetic acid when heated to 250®/ 
20 mm., it was heated with ten times its weight of water in a sealed 
tube for four hours at 130°, when the desired reaction took place 
almost completely. 

:S~henzodiazole'5'nrsinic acid crystallises from water, 
[a which it is somewhat sparingly soluble, in minute needles contain- 
ing two and a-half molecules of water of crystallisation, the last half 
molecule being removed with difficulty at 110°, but fairly readily 
at 120°. After drying at 110°, it darkens on heating above 250° 
and decomposes at about 270° (corr.). 

Found: loss at 110°- 15*5. 

CgH 903 N 2 As, 2 JHoO requires H.,0— 15‘0 per cent. 

In dried material: C = 37-3; H=3-8‘ N-:rlo*7; As = 29*3. 
CgEPaNoAs (256*1) requires C^37‘5; H = 3*0 ; N=-10'9; As = 29*3 
per cent. 


2 : :5^‘arse>io-l ; 3 : V ; V-hcnzodi azole. 

This was prepared in the same manner as 5 :5^-ar3eno-l :3 : 
mzodiazole, which it resembles very closely in its properties. 

The dihjdrorhloride forms a pale yellow powder, soluble in water, 
lit almost completely insoluble in methyl alcohol, ethyl alcohol, 
ther, or acetone. After drying in a vacuum for twenty- four 
ours, it retains solvent approximating to three molecules of water. 
11 aqueous solution it reacts acid to litmus but neutral to methyl - 
•range. 

Found: N-10*3; CI = 12*7; As=28-0. 

Cjr.HiiN^As.,2HCl,3H20 (539*1) requires N = 10*4 ; Cl = 13'l ; 

As = 27-8 per cent. 


5 ; ^-])mmino-m-tohilamnic A cid (I) 

A solution of 8*6 grams of rMutro'6-amino-7«-tolylarsinic acid in 
la c.c. of water and 6*2 c.e. of lOA-sodium hydroxide was cooled 
to -1® and treated, in one operation, while stirring vigorously, 
with 20*4 grams of sodium hyposulphite. When the reaction was 
ooniplete, as shown by the change in colour, the solution was 
filtered, treated with 8*1 c.c. of hydrochloric acid (D 1*12), and the 
resulting acid, which .separated in the course of a few minutes, 
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collected, washed with water, and recry stallised from water, in 
which it is sparingly soluble in the cold, but fairly readily go on 
warming. It separates in colourless needles, which contain between 
one and a-half and two molecules of water of crystallisation. It 
dissolves fairly readily in methyl alcohol or acetic acid, but is very 
sparingly soluble in ether, benzene, or petroleum. Its solution in 
dilute hydrochloric acid gives a characteristic, deep violet color- 
ation with a drop of a dilute solution of potassium dichromate. 
It appears to decompose slowly on keeping. 

Loss atll0°=ll‘2. 

C7H]503 NoA 3 ,UHoO requires 9‘9 per cent. 

C7 Hj| 03N.2 As, 2H20 requires 12-8 per cent. 

In dried material: N = 11‘3; As = 30’ 4. 

C7HJJO3N0A8 (246*1) requires N-ll*4; As = 30*5 per cent. 

l-M€thyl-\\l!>\2f'htnzoina2ole-<i~ardnic acid (II) was obtained by 
treating a solution of 3 :4-diamino-m-tolylarsinic acid in dilute 
hydrochloric acid with a molecular proportion of sodium nitrite. 
It forms a crystalline powder very sparingly soluble in water, but 
more readily so in alcohol. It crystallises from 50 per cent, 
alcohol in minute, colourless, glistening needles, which are 
anhydrous, and gradually decompose on heating above 280®. 

Found: N = 16’6. 

C7Hg03N3As (257*1) requires N = 16*4 per cent. 

A-Methylpkenanthraphenazine-l-amnic acid (III) was obtained 
by the condensation of molecular proportions of phenanthraquinone 
and 3 :4-diamino*m*tolylan;inic acid in acetic acid solution. It forms 
an amorphous, yellow powder, sparingly soluble in water and tbc 
usual organic solvents. With concentrated sulphuric acid, it 
develops an eosiii-red colour, with nitric acid a cherry-red, and with 
hydrochloric acid an insoluble red compound. The colour is dis- 
charged in all three cases by dilution with water. It dissolves in 
dilute sodium carbonate or sodium hydroxide, but a floccuient pre- 
cipitate of the sodium salt is thrown down on the addition of 
excess of the reagent. 

Found: N = 6*4. 

0-2,11, ^^OgNjAs (418*2) requires N = 6-7 per cent. 


l-MelhyhXxZ-h^vzndiazole-b-ardnic Acid (IV). 

Two grams oT 3:4-diamino-?n-tolylarsinic acid were boiled with 
20 c.c. of glacial formic acid for six hours. The isolation of the 
product was carried out as in the case of 1 ;3-benzodiazole-5-arsinic 
^cid, save that the treatment with charcoal was found to be more 
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effective in acid solution. The air-dried product contains only 
traces of moisture and resembles the lower hoinologue very closely 
in its properties. It dissolves sparingly in water and crystallises 
3 JJ minute, prismatic needles, which darken when heated above 
280® and melt and decompose at about 300° (corr.). 

Found: loss at 110® = 1’3. 

In dried material: N = 10*8 ; As = 29’4 
CaHfiOgNgAs (256a) requires N = 10-9; Aa-29‘3 per cent. 


7 : V -Dimethyl-^ : V-antnoA ; 3 : V -htinodiazoU, 

This was obtained by the reduction of the above acid with sodium 
hyposulphite in the manner previously described (p. 1376), as a 
pale yellow powder, insoluble in water and the usual organic 
solvents, but moderately soluble in acetic acid. The corresponding 
dihydrochloride forms a pale yellow, granular powder soluble in 
water, but insoluble in methyl alcohol, ethyl alcohol, ether, or 
acetone. After drying for twenty-four hours under greatly 
reduced pressure, it retained solvent corresj:>onding with two 
molecules of water. 

Found: N=10-6; As = 28-6; CU13 1. 

C,eHi4N4As2,2HCl,2H.O (52M) requires N-10‘75; As-28'8; 

Cl = 13'6 per cent. 


2 \ l-J)iviefhy}-\ '.'^-hcnz od'm zoleA-nr A n i c Arid (VII). 

This acid was obtained by the prolonged action (six to eight 
hours) of boiling acetic acid on o : 6-dianiino-m-tolyIarsiiiic acid, 
the isolation being carried out in the usual manner. It is some- 
what soluble in boiling water, but sparingly so in cold, and 
separates from the former in minute, prismatic needles which 
contain two molecules of water of crystallisation. 

Found: loss at 110° = 12'2. 

CgHijOgN^As, 211^0 requires 11 '8 per cent. 

In dried material: N = 10-6; As = 27*9, 27‘0. 

CgHjjOgN.iAs (270- 1) requires X~10-4; As- 2775 per ceut. 


2 : 7 ; 2 ^ V‘Ttir(imeihylA : b’-on^cnoA : 3 : V-hentodiazole. 

The above acid was readily reduced to the corresponding arseno- 
henzeue by sodium hyposulphite, under the conditiozis previously 
eni ployed. The arstnohenzene closely resembles those already 
described in its physical and chemical properties. The dihydfo- 
ddorhle forms a pale yellow powder soluble in water, but insoluble 

3 F* 
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in the usual organic solvents. After drying for twenty-four hours 
in a vacuum, it retains solvent corresponding with approximately 
two molecules of water. 

Found: N = 100; As = 27-3; 01 = 12-3. 

Ci8HigN4As2,2HCl,2H,0 (549-1) requires N = 10-2; A3 = 27'3; 
Cl-12‘9 per cent. 


Wbllcome Chemical Research 
London, E.C. 1. 


L. ABO RATO RIBS, 

[Received, October 21th, 1919.] 


exxx. — The Equilibrium between Carbon, Hydrogen, 
and Methane. 

By Hubeut Frank Coward and Stanley Pierce Wilson. 

Equilibrium in the system C + 2H,, = CH 4 is more suited to expeii- 
mental study, in o»e respect, than the more commonly investigated 
high-temperature dissociations, such as those of water, carbon 
dioxide, and hydrogen chloride. The proportion of methane in 
equilibrium with calbon and hydrogen diminishes with increasing 
temperature, and hence when equilibrium is once established in 
the zone of reaction, the cooling of the gaseous mixture on its 
removal from the carbon is not accompanied by an alteration in 
composition. It is a simple matter to ensure the absence of 
elementary carbon from any but the zone of measured temperature 
in which the equilibrium is attained. 

The synthesis of methane «rom its elements was achieved by 
.Bone and Jerdan (T., 1897, 71 , 41 ; 1901, 79 , 1042), who found 
that when a stream of hydrogen was passed over carbon at about 
1200°, the resulting gaseous mixture was hydrogen containing, 
rouehlv 1 per cent, of inethane and no other hydrocarbon. This 
synthesis was confirmed by Bone and Coward (T. 1910 
who obtained an almost theoretical yield of methane from OOM 

gram of carbon. , , , ^ 

The decomposition, of methane into carbon and hydrogen, wi ^ 
out the permanent formation of any detectable amimiit o any 
other hydrocarbon, was demoiistraUd by Bone and Cowar ( .. 
1908, 98 , li97). 

The above-nfentioned exjieriments, the forerunners of those no 
to he described, indicated that the equilibrium mixture 
1000—1200° contained, roughly, 1 per cent, of met ane. 

The determination of equilibrium values in the system ha 
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attacked in two other quarters. Mayer and Altmayer (5er., 
1907, 40, 2134) carried out experiments with the aid of a catalyst 
at temperatures ranging from 475® to 625®, and declared that 
gone and Jerdau’s methane formed at 1200® could not have arisen 
by the direct union of carbon and hydrogen. Pring (T., 1910 
97 ^ 498) found that a carbon rod lightly coated with platinum 
gave the value 0‘55 per cent, of methane in equilibrium at 1200® 
and 0’30 per cent, at 1500®. Finally, Pring and Fairlie (T., 1912, 
lOl, 91) conducted experiments under high pressures, and, assum- 
ing the law of mass action to hold down to atmospheric pressure, 
calculated the following equilibrium values; 

Amorphous carbon. Graphite. 

1200^ 0*36 per cent, of methane 0-24 per cent, of methane 

1500“ 0-21 „ „ 0>07 

Xhs senes of experiments, the results of which are recorded 
below, were conducted in essentially the same way as those 
described in detail by Bone and Coward {loc. cif.), except that the 
ffaseous products of reaction were passed backwards and forwards 
over the carbon used until analysis showed the attainment of con- 
daiicy of composition. The porcelain tube used to contain tlie 
reacting substances was, as before, set up coaxially with a wider 
one, through which dry hydrogen was passed. The wider tube was 
heated electrically by means of a i)latinuni wire resistance. The 
temperature of the inner tube was. at 1100®, constant', within ±6®, 
for a length of 10 to 15 cm. (in different furnaces), which was 
ample to contain the carbon used. The latter was held in a quartz 
boat or in an open quartz tube just narrow enough to pass freely 
to the porcelain tube, 

The temperature of the reaction tfcne was measured by means 
a platinum and platinum-rhodium thermo j unction lying in 
le inner porcelain tube, but cTicased in a thin quartz tube; one 
ire was insulated from the other by running it through a fine 
uartz tube. The thermo-couple was standardised by means of 
tiiiiua chloride (m. p. 605®), aiititnony {ni, p. 628®), an alloy of 
0 per cent, of copper and 20 per rent, of tin (m. p. 738®), 
otassium carbonate (m, p. 835®). and elect rolvtic copper (m. p. 

The gaseous products were collected direct from the furnace over 
■ mixture of glycerol and water, and before being re-passed into 
he furnace were dried by passage through a U-tube containing 
^^giQents of dry stick pota.ssiuni hydro.xide. 

The electrolyUc hydrogen and the carl)on were prepared as 
iescribed by Bone and Coward. The methane was obtained by 
^iteractiou between aluminium carbide and water, washed with 

3 F* 2 
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ammoniacal cuprous chloride and sulphuric acid, and collected after 
air had been displaced from the apparatus used for the prepare, 
tion Hydrogen was then removed by liquefaction of the gas by 
means of liquid air, and subsequent distillation. This procedure 
was proved to afford a satisfactory means for removing hydrogen 
from large volumes of methane. It cannot, however, be recom. 
mended for removing air from methane; methane must be pre. 
pared free from air in the first place unless large quantities of the 
gas are sacrificed during the fractional distillation after 
liquefaction. 

Experiments at 1100°. 

Synthesis of Methane.--Vun dry hydrogen was passed over 
1 gram of carbon (ash, 0-06 per cent.) at the rate of about 1 litre 
per hour until from 5 to 6 litres of gas had been collected, A 
litre of this was measured and treated with palladium foil; the 
resulting concentrate was measured and analysed. The residual 
4 to 5 litres of the gas, once passed over carbon, were re.passed 

at the same rate as before, and a sample was taken for analysu 

after concentration. The residual gas was then passed twice again 
over the heated carbon, and again sampled for analysis. The 
results of the analysis, calculated back to the unconcentrated mm 

tures, are (in percentages) : 

1st passage. 2iKi pas.sagc. 3rd passage. 

Carbon monoxide «;dT 

oiii o-m o.67 

The experiment was repeated with the same sample of carbon . 

1st passage. 2n(lpaasage. Srcl passage. 4th passage. 

. .j n.riA 0-’3 0-32 OH 

Carbon monoxide ni; • 0.68 0-64 0-67 

O'^fl 0.49 0'66 0'69 

Each experiment shows an accumulation of 
first and second passage of the ps over carbom hut theuce. 
forth the methane content remained practically 

The nitrogen content is a measure of the leaking m of 8 

the experiment and analysis, and 

carbon monoxide, due in part to air and in part to a 
oxidising action hy the glaze of the heated tube 
as to whether carbon monoxide crotrary ^to * 

the synthesis. It is just conee.vahle, h 

results of ot^er investigations/ that carbon 

. Bone and Coward (T.. 1908, 93, 1987) f 
98 per cent, of hydrogen and 2 per cent, o carbon, no more th» 

thri^h a porcelain tube at 1100“ in 
0-03 por cent, of methane was present m the issuing g 
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reduced by the large excess of hydrogen present to n, ti. 
water; the latter would regenerate carbon m -j 
with carbon. If carbon ^noxMe acted 

synthesis, then the two reactions— whatever tl, * m the 

/-indicated as ^ and 5 in the schl^e " 

C —*■ Olf^ 

CO 

would each be fast in comparison witV, fi,„ ^ , 

synthesis. Hence the accumulation of carbon ml 

in the experiments would only be nossibi exhibited 

reversion of methane to earbon'a. d hid oln 

reaction indeed when the methane was Tl “ 

per cent. That this is not the case is showlbT" 

on the decomposition of methane at 1100° ^ “P®''™®“ts (below) 

is therefore produced as a side reactiorl'tw '"u " 

vapour, and plays no part in the formation T at tal Th^ 

proportion of the methane found. * ^ 

Decomposition of Meihane.-A mixture containinc. 9-n . 
of methane and 98-0 per cent of bv.l,. ^ 0 per cent. 

same sample of carbon, eight times in 

from time to time for anllysis at ^lo ' Th 

percentage): ' (in 

Carbon monoxide P^^age. 8th passage. 

Methane .7 , fo 0 ?-'^ 0-92 ' 

Nitrogen Q.40 J! t »-61 

Umc e.xperimttts.*'’^ attainment of equilibrium, as in the 
S/iilhesis an,! Decomposition of Vethane in i /, . ;> ^ 

i«"^' rr it^iaSy mi::;;,; 

vas fL t a hydrogen until no more water vapour 

Wdrovea" Thf^^" '■^‘®®''‘/''‘''«ally to 1100° in a current of 
i«sed%hree^timl 7"' 7® ®°"®®‘®d and re- 

The 7®''®='’'®’' >'>trogen=0'49 per cent. 

«ntsining5.7’ptr ^'„°lf"’*‘Ir® "'‘‘J* a mixture 

Wter five to ^ ^ '"®“'®"^ and 94-3 per cent, of hydroeeii 

contsineTirrCr “7® "f ‘"'® ®"<^ "■®‘'®1. t>>® 

rbou monoxide = 1 ‘27, methane = 0 5 7, nitrogen = 
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1-33 per cent. The increase in carton monoxide is ascribed to the 
well-known difficulty of reducing finely divided nickel oxide com- 

ot llOOO.-The equilibrium values indicated 

above are : 

I'ure carbon 


Carbon-Nickel 

mixture. 


Synthesis (i) 0-65 i (ii) O'C-T 

Decomposition 


0-61 

0*57 


The mean value for the equilibrium amount of methane ,it 
1100° is therefore 0'6‘2 per cent. 

Exp€rhn€7its <it 1000°. 

S>„Uhe,U of UetU,u.- -1h. synthesis of metbane from the 
highly purified carbon used in the expenments at 1 OOO proved to 
be too slow for the atUinment of equihbnum at 1000». A less 
pure sample cxmtaining 0-5 per cent, of incombustible matter 
(silica) gave the following percentage results m an experiment coj. 
Lcted in a similar manner to the corresponding experiment at 

1100 °. 

1st passag 

Carbon monoxide 0 0^ 

Methane 

Equilibrium is evidently established froiu the first. The carta 
mlioxide-content is much lower tharr in the expenmen s at 1100, 
and although increasing throughout, has no appreciable influenw 
L the mettane-contenl of the gases. The high value or rntro^ 
in the second experiment is most probably due to a sma in , 
of air during the concentration of the sample of gas ana ys^. 

An experiment with 1 gram of carbon containing 4 per cents 
platinum, finely disseminated, gave similar values: 


2nd pas.sage. 

3rd passage. 

4th passa] 

o-io 

0-17 

0-28 

0-97 

O' 96 

106 

0-44 

0*32 

0-31 


Carbon monoxide 

Methane 

Nitrogen 


Ut pa-ssagc. 
0*07 
1-09 
009 


2n(l psisaftge. 
010 
1-08 
0-19 


lUcompoMo. oj Methane- A mixture coutaining 2^P« oca 
of methane and 08 (l per cent, of hydrogen gave in two sepa 
experiments : 


First experiment. 


3r(l pa.s3age. 
O' 1ft 
MO 
0-83 


5th passage. 
0*41 
M3 
0'84 


Second 

ixperiiuent. 


0-55 
1‘0G 
O' 69 


Carbon monoxide 

Methane 

Nitrogen .... 
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Synthem and Decomposition of Methane in Presence of Nickel, 
^.Xhe same sample of a carbon-nickel mixture as was used for 
the experiments at 1100^ gave the following results at 1000®. 
Starting with pure hydrogen, samples of the unconcentrated gases 
showed on analysis an approximately constant content of methane 
from the second to the sixth passages. The methane then present 
^as determined accurately after concentration of the mixture: 
carbon monoxide = 2-2, methanc = l-23, nitrogen = 07 per cent. 
The decomposition of a 3*7 per cent, methane mixture gave, in 
similar circumstances, a constant content of methane from the 
third to the seventh passage. The Tmal composition was: carbon 
monoxid€ = T3, methane = M8, iiitrogeu = l*2 per cent. 

Collection of Pesults at 1000®. — The equilibrium values 
indicated above are : 

Carbon (0-5 per Carbon-4 per 
cent, of ash), cent, of platinum. Carbon-Nickel. 


Synthesis I'OI 1>09 1'23 

Decomposition M3; 1-06 — M8 


The mean value for the equilibrium amount of methane at 1000® 
is therefore M2 per cent. 

Experiments at 850®. 

The reaction between carbon and hydrogen proved to be too 
slow at 850® for equilibrium to be reached at that temperature 
within a reasonable period of time in tlie apparatus ehlployed. 
Experiments with the nickel-carbon mixture were more successful. 
Synthetic experiments with a slow stream of gas showed that from 
the sixth to the eighteenth passage the methane content remained 
constant, according to the approximate results of analyses of un- 
concentrated samples of the mixture. The methane present at the 
end of the eighteenth passage was determined after concentration: 
carbon monoxide = 0'5, methane = 2‘ 60, nitrogen = 1 '3 per cent. 
Corresponding experiments on the decomposition of methane, 
carried out with a very slow stream of gas, showed constant com- 
position between the second and fifth passages of the gas; carbon 
monoxide = 0‘2, methane- 2‘4, nitrogen ^^O'G’per cent. 

Tbe equilibrium amount uf methane at 850® is therefore 2‘5 per 
m\i. 

Erpenmcnf^ <if G50®. 

Hydrogen and methane were scjmrately heated for prolonged 
periods in contact with carbon at 650®, In no case did the aualysM 
the resulting mixtures indicate that equilibrium could be 
attained within any reasonable period of time, although attempts 



1386 TttB EQintlBItnJM BETWBBN CABBON, HYDROOlN, Etc. 

were made to activate the carbon by means of finely divided nickel, 
(®) gri^^ding together nickel oxide and pure carbon and reducing 
in hydrogen at 300<^; (h) by igniting a mixture obtained by 
evaporating nickel nitrate in the presence of excess of finely divided 
carbon, and heating finally in hydrogen at 300<^; (c) by absorbing 
nickel nitrate in small pieces of porous porcelain, igniting, and 
depositing carbon by the prolonged passage of methane over the 
heated solid. 

' It is not concluded that it is impossible to prepare carbon in a 
sufficiently active state to attain equilibrium at this temperature, 
but the claim of Mayer and Altmayer {loc. ciL) to have succeeded 
at still lower temperatures is much weakened by the fact that they 
record no attempt to discover whether their gaseous products con- 
tained carbon monoxide. If, as it seems fair to assume, therefore, 
they overlooked carbon monoxide, much of their so-called methane 
may have had no actual existence. That there must have been 
carbon monoxide present in their products can scarcely be doubted 
in view of, first, the presence of large amounts of nitrogen, and, 
secondly, their use of somewhat large amounts of nickel, which, as 
is known, is difficult to obtain free from nickel oxide by reduction 
of the latter at a low temperature. 


Snrnmari/ an (I Concfmions, 

The# percentage composition of the equilibrium mixtures of 
methane and hydrogen in contact with amorphous carbon at atmo- 
spheric pressure is 

ll00^ 1000^ 850^ 

Methane 0-6 1*1 2-5 

Hydrogen 99*4 98-9 97-5 


These values will doubtless be capable of correlation by means of 
a thermodynamical equation, when the specific heats of the three 
reacting substances are known, together with the heat of formation 
of methane. Information as to the specific heat of methane at 
high temperatures is, however, wanting at present, and the heat of 
combustion of methane has apparently not been determined with 
a gas of sufficient purity. Calculation of the mean value of t e 
latter between 850^ and 1100° from the experimental values for 
the equilibrium, by means of the integrated form of the equation 


dlogiT ^ ^ 

^dT 


gives the value 18,000 calories, with a possible error of perhaps 
couple of thousand calories. 
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CXXXI.— ^TAe Properties of Ammonium Nitrate, 

Part I, The Freezing Point and Transition^ 
temperatures. 

By Reginald George Early and Thomas Martin Lowry. 

Ammonium nitrate is remarkable amongst salts both for its easy 
fusibility and for the fact that the salt exists in not fewer than 
five crystalline forms, the ranges of stability of which are marked 
by a series of four well-defined transition-temperatures. These 
different forms are conveniently named, in the same way as the 
various forms of iron, by Greek letters, starting with the form 
which' is stable at the lowest temperatures. 

The crystalline forms of these modifications, and the published 
iata in reference to the transition-temperatures, are set out in the 
oUowing table. 

Table I. 


Changes of State in Ammon ium N lira 1 1 . 


Form of Crystalline 
salt. system. 

Liquid — 

« Cubic 

B '•Rhombohedral 

7 tRh<>u^bic 

B Rhombic 

a Tetragonal 


Change 

of state, Transition- temperature. 

} ^ to liq. Ifio— 166^ 165", 168", 165-2". 

] 1 127", 124—125", 124", 123-.5~125-5% 

Ut(f f J 12;r6", 122-6", 126-2", 124-0— 

1 125-6", 125-0", 125-2“. 

) j87", 82-5—86", 81", 82-5—86-5", 

Uto 8 I 82-8", 83-0", 86-", 85-5", 84", 84", 

f I 82-26L 

l 6 t 07 r36-\ 31—35", 35", 31—35", 32-4", 
i \ .32-2", 35-0", 35-0", 32-5". 

I «to 6 ”16", - 18“. 


* Or tetragonal. t Or monosymmetric. 


In view of the fundamental character of these constants and of 
the fact that the temperatures are all easily accessible, a redeter- 
iniuatioTi was made which has bad the effect of fixing the freeriiig 
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point with an estimated error of a few tenths of a degree at 169*6°, 
whilst the three upper transition points have been determined 
probably within a few hundredths of a degree at 125*2°, 84*2°, and 
32*1° 

I, Freezing Point at 169*6°. 

The difficulty of determining the correct melting point or freez- 
ing point of the salt, and the fact that values much below the 
correct figure have so often been recorded, arise from two charac- 
teristic properties of the salt, namely, the very great sensitiveness 
of the freezing point to the influence of small quantities of 
moisture (details in reference to which will be given in a later 
paper) and the tendency of the salt to retain its moisture even 
when attempts are made to remove it by somewhat drastic methods. 

On account of these properties of the salt, we obtained in our 
earlier experiments a long series of concordant values for the 
freezing point, which were afterwards proved to be more than 2° 
too low. These freezing points were determined by observing the 
arrest of temperature which occurred immediately after crystal- 
lisation had begun in about 40 grains of the molten salt, the salt 
being stirred vigorously in a glass tube surrounded by an air- 
jacket in a bath of boiling water in order to prevent over-rapid 
cooling. The temperatures were measured by a thermometer 
graduated in fifths of a degree from 0° to 200°, and recently re 
standardised to 0*02° at the National Physical Laboratory; this 
tliermometer was of the compensated type, and the zero had 
remained constant within 0*02° over a period of about ten years. 
Two auxiliary thermometers were used to record the temperatures 
of the exposed column ” of mercury inside and outside the glass 
tube containing the salt. A series of freezing points determined in 
this way gave very concordant figures, the corrected values being 
as follows; 

166*95°, 166*95°, 166*90°, 167*15°, 167*0° Mean, 167*0° 
This was the freezing point of a sample of the salt which had been 
recrystallised twice from water and dried, first in a steam-oven 
during several hours, and then during a day and a night over 
sulphuric acid in a desiccator exhausted with the help of a Gaede 
mercury pump. 

Doubt was first thrown on the correctness of these readings w en 
it was discovered that a commercial sample of ammonium nitrate 
which had been dried and ground, and then re-dried in^the nsua 
way in the lalifiratory, gave a freeing point of 1G8'8°, that is. 
nearly two degrees higher than our beat laboratory specuMii “ 
the salt. As this higher freezing point could obviously not 
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to impurities, which would tend to lower the freezing point of the 
salt, it could only be attributed to the fact that the drying had 
been accompanied by a grinding which was absent in the labora- 
tory process of purification already described. 

In order to secure equally favourable conditions in the labora- 
tory, the purified salt was heated in a steam-oven, cooled, and 
crushed in a mortar, and left overnight in a vacuum desiccator, 
this cycle of operations being repeated three or four times. A 
sei’ies of freezing points of material prepared in this way gave the 
following figures ; 

169-160 169'14^, 169 04® I69-0o® 169'06®. Mean, 169 09®. 

The first two values were for ammonium nitrate from Ilopkin and 
Williams, twice recrystalUsed ; the next two are for the same 
sample after storing for some weeks in a desiccator over calcium 
chloride ; the last value is for a commercial sample of Norwegian 
nitrate recrystallised from water and dried by the method just 
described. These experiments showed that the freezing point of 
the salt was at least 169'1®, and might be as high as 169 '2® in 
view of the first two values recorded in the list. 

A further improvement in the freezing point was effected by 
sealing up in an exhausted flask, connected with a bulb of phos- 
phoric oxide, some of the salt prepared as described above. The 
nitrate was shaken up repeatedly to expose a fresh surface, and at 
the end of a week the freezing point was determined. In plotting 
the cooling curves for these detenuinations of the freezing point, 
two modifications were made in the practice previously adopted, 
namely, (i) the outer water-jacket w'as kept at 80® instead of 100® 
in order to reduce the amount of water vapour round the 
apparatus; (ii) the stirring of the molten salt was stopped as soon 
as the temperature showed signs of becoming steady, in order to 
reduce the loss of heat from tlie molten mass, and so to prolong as 
much as possible the horizontal arrest in the cooling curve. The 
freezing points determined in this way were 
169-58®, 169-55®. 

After three months' further drying by phosphoric oxide, no further 
rise of the freezing point was produced, but, on the contrary, it 
appeared to have rece<led slightly. The freezing point of the pure 
dry salt may therefore be placed at 169-6^. If the freezing point 
of the salt is expressed in whole numbers, the figure 170® is more 
exact than any hitherto given, since the experimental numbers 
recorded above are unlikely to be too bigli, but may still be slightly 
helow the true maximum figure. 

The drying of ammonium nitrate, which ia not really a difficult 
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operation when dealing with the solid salt, cannot he effected 
merely by stronger heating, since the salt, which begins to decom. 
pose at 200*^, retains even at this temperature the moisture pro- 
duced by decomposition. Thus, two samples, which had been 
heated to vigorous effervescence at 225^^, froze at 166'8^ and 167*0o 
when cooled again to the freezing point of the molten salt. Again, 
a sample of the nitrate which melted originally at 169°, froze at 
165*5° after being heated to 230° to 240° for a few minutes, and 
at 163*4° after a second heating. The molten salt, indeed, appears 
to cling to its water quite as tenaciously as concentrated sulphuric 
acid, and it is only by grinding the solid to a fine powder that 
complete drying is readily effected. 


II. Transition-temperature at 125*2°. 

When the molten salt is allowed to cool from the melting point 
in a tube provided with a thermometer dipping into the salt, the 
highest of the transition-temperatures referred to in table I gives 
rise only to a retardation of cooling at about 125°. In order to 
produce slower cooling and to secure, if possible, a horizontal arrest 
in the cooling curve, in spite of the poor thermal conductivity of 
the salt, the following method was adopted. About 90 grams of 
the purified salt were melted and poured into a small beaker, which 
was lowered into the centre of a vacuum- jacketed cylinder. A 
standard thermometer was inserted, and the salt was allowed to 
set round the bulb. The stem of the thermometer passed through 
a large rubber stopper, which served to close the top of the cylinder 
and so prevent loss of heat by convection to the outer air. The 
cylinder, in its turn, was immersed as far as possible in a bath of 
hot water, stirred mechanically, and maintained at a fairly constant 
temperature by a flame. A Bunsen valve was provided for the 
escape of air by expansion from the cylinder, whilst two auxiliary 
thermometers gave the temperatures of the “exposed column” of 
the standard thermometer. An attempt was made to retard the 
cooling still further by exhausting the air from the interior of the 
cylinder, but this procedure did not appear to serve any useful 
purpose, and was abandoned, because of the additional trouble 
caused by the frothing up of the salt to a porous mass during 
exhaustion. When observing the transition point at 125°, the 
temperature of the outer water-bath was maintained at 95°, but 
it was then generally allowed to cool to 75° in order to observe the 
further transition at 84°, to which reference is made in Section III 
below. The readings obtained in this way with air in the vacuum 
eylinder were 125-2°, 125-6°, 125-8°, 125-1°, 125-6°, 125-2°, whilst 
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with the air exhausted from the cylinder the readings were 125'2® 
and 125 ’4^. The mean of the whole series is 125*4°. Zawidzki 
’ph/Bilidl. Ckem.^ 1903, 47 , 721) obtained a mean value 
of 125‘0° for arrests in the cooling of ammonium nitrate, alone and 
mixed with silver nitrate. 

In the case of the transition point at 84° the poor conductivity 
of the salt may be compensated by stirring the powder in a small 
revolving drum heated externally by means of a vapour- jacket, but 
this method cannot be employed at the higher temperatures, as the 
powder begins to cake into tough lumps. A much more effective 
method of securing good conduction during heating and cooling 
consists in stirring the powdered salt in a bath of liquid not differ- 
ing too widely from it in density. The liquid selected for this 
purpose was a mixture of tribromoebhane (D 2*62; b. p, 188°) and 
xylene (D 0’86; b. p. 140°), the density of ammonium nitrate at 
this temperature being about 1*6. Good results were also obtained 
by using nitrobenzene (D T22; b. p. 211°). This method of 
improving the thermal conductivity has the advantage that the 
thermometric measurements can be made within a maximum of 
accuracy. The procedure was as follows. The liquid was made 
into a “mush” with, powdered ammonium nitrate in a glass tube 
20 cm. long and 3’ 7 cm. in diameter, provided with a stirrer and a 
split cork to carry a standard thermometer; as before, two 
auxiliary thermometers were used to record the temperature of the 
"exposed column” of mercury. The glass tube was surrounded by 
a metal cylinder 20 cm. long and 5 cm. in diameter, closed at the 
top with cotton wool, and forming a narrow air-jacket round the 
tube. This cylinder was supported by a bung in the axis of a 
larger metal cylinder, 32 cm. long and 10 cm. in diameter, con- 
taining paraffin of high boiling point to serve as a heating or cool- 
ing bath, and provided also with a thermometer. In plotting a 
heating or cooling curve, the paraffin bath was adjusted by hand 
to a temperature a few degrees above or below the transition point. 
The ''mush” in the inner tube was stirred at intervals of thirty 
seconds to two minutes, according to the velocity of heating or 
cooling, and the thermometer was read immediately after. 

The arrest-temperatures observed in this way during heating and 
cooling, together with the conditions under which the heating and 
cooling were carried out, are shown in table II. 
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Tablf. II. 


ArresHemftraiurcs of Ammonimn }fitratc mspaidcd in a lath 
of Liquid. 


Arrest-points 
(corrected). 
Heating t 126*21 
126'16 
125*38 
126*22 
125-25 


Toinperaturo of 
outer bath. 
130 " 

140 

140 

130 

130 


Composition of liquid. 
Nitrobenzene. 

Xylene and ethylene bromide. 
Xylene and ethylene bromide. 
Xylene and tribromoethane. 
Nitrobenzene. 


Mean 125-24" 

Cooling : 125-27“ 

125*21 
125*09 


Mean 125*19" 


120“ 

Xylene 

120 

Xylene 

120 

Xylene 


and ethylene bromide, 
and ethylene bromide, 
and tribromoethane. 


These values may l>e compared with those given by Vogt {Phpi. 
koL Zeitsch., 1911, 12, 1129), wlio obtained with a dilatometer the 
upper and lower limits 125*25° and 125*13°, mean 125*2°. The 
eight values now recorded range from 125 09° to 125*38°. The 
mean of the five readings obtained by beating the salt is 
125-24°, whilst the mean of the three readings obtained by cooling 
is 125' 19°. The general mean of all the readings is 125*22°, and 
this is probably the best value for the transitiou-lemperature. In 
view, however, of the difficulty of reading the temperatures to 
0 * 01 °, we prefer to give the transition -temperature to a tenth of 
a degree at 125-2*. 


III. Transifion-tempaature at 84*2°. 

The transition at 84° is accomplished by an abrupt expansion 
which frequently made itself manifest by fracturing the glass vessel 
in which a cast sample of nitrate was being cooled. There is, how- 
ever, a very strong tendency for over-cooling to occur, and in many 
cases the salt was cooled to 32° without any indication that this 
change of crystalline form had taken place. In order to ensure 
the conversion of the 6 - itito the 7 - form, it was necessary to inocu- 
late the surface of the block with ]>articles of the salt which had 
been heated to 60°, and to assist the conversion by scratching the 
surface with a sharply pointed glass rod. Even under these con- 
ditions, the over-oooling was usually very pronounced; the change 
of crystalline state (even in the vacuum -jacketed apparatus used 
successfully to record the change of state at 125°) only began when 
the temperature had fallen to 82° or below, and the latent heat 
was then not sufficient to restore the temperature to the transition 
point or to produce a horizontal arrest in the cooling curve, 
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every case, therefore, the transition merelv j 

curve, the highest temperature recorded for^he ms ^ sinuous 

curve being 82'7» maximum on this 

The first well-marked arrest of temnerainr,. * 
point was observed when heating a sample of the^n / 

a way that the bulb of a thermomAt^.r wa t ^ ® 

the falling nitrate. A small machine in whioTtWs"*' “ 

embodied gave well-defined arrests on heatin 

and 83.30 the first three values I 

of a degree. It is remarkable thaf this tranll t 

which was found to be so exceptionally difficult to lo^T T’ 

methods first employed, proved to bp bv f 

!.«» » d.u,Lr. “• 

(litions were established. ® proper con- 

The most favourable conditions for determin!,,^ lu- . 

point were those already described in connexion ^th' thr'h “ 

of state at 125-2°, namely, to compensate for tha I P 

conductivity by stirring the powdered salt in a K ^^vraal 

almost eoual densitv tp„ i- -j , ^ ® liquid of 

almost equal density. The liquid used for this series of exneri 

meats was a mixture of ethylene bromide (D 2-18 • b n l 31 o? i 

xylene (D 0'86; b. p. 140°) Snecial I t’ 

1 j , 1 m ' ‘Special precautions were a^ain 

eeded to prevent “lag’ i„ the change of state; the “mnsh” wa 

therefore inoculated during heating with crystals heated to 100° 

and during cooling with crystals heated to 60° Th« L i\ ’ 

was carried out just before reaching t)i» fra -t- * I'ldculation 

s It j a r, reacning the transition po nt and was 

followed by gentle stirring. The arrest points recorded in th 

way which are lower than the mean of Zawidxki’s arrests at 85 4° 

but higher than the dilatometric readings 82 - 16 ° to 8 °- 36 ° of VovV 

arc set out in the following table- ^ ’ 


Table HI. 


■irral-teMj>crt,/ure.! of Ammumum Mtmfc suspended in a Bath 
of Liquid. 


.Arrest-points 
(corrected). 
Heating : 84-20° 
84-l(» 
84-25 
84-20 

Tcinpcratnro of 
outer bath. 

!KJ^ 

on 

00 

00 

Composition of liquid. 
X^Iciic and ethylene bromide. 

Mean 84*20'’ 
Cooling : 84-28' 
84-13 
84*18 

Falling slouly. 

Xylono and ethylene bromide. 

Mean 84*20° 


” 
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In ihis case, the means of the four values obtained during beat* 
ing and of the three values obtained during cooling are identical. 
The transition point may therefore be fixed, probably within a few 
hundredths of a degree, at 84'20®, or may be given to a tenth of a 
degree as 84*2“^. 

IV. Transition-iemperature ' at 32'1°. 

(a) Heatinff and Cooling Carves . — The transition-temperature in 
the neighbourhood of 32^ is more easily observed than either of 
those occurring at a higher temperature, since a prolonged arrest 
in the neighbourhood of 32^ can always be detected when the 
nitrate is cooled through this temperature ; indeed, both this arrest 
and that at 84^^ are constantly encountered when the nitrate is 
handled commercially. In spite of this fact, exceptional difficulty 
is experienced in securing an exact determination of this transition- 
temperature. This difficulty was ultimately traced to the fact that 
over a range of about a quarter of a degree on either side of the 
true transition point, the velocity of change of state is so slight 
as to be practically imperceptible, with the result that the con- 
version usually takes place at a temperature definitely below the 
transition point on cooling and at a temperature definitely above 
it on heating. 

Large numbers of cooling curves were plotted in order to deter- 
mine this transition-temperature accurately. In some experiments 
only a sinuous cooling curve was obtained, but in others well- 
marked horizontal arrests were recorded at the following tempera- 
tures : 

Cast blocks 31•9^ 32*0°, 32-0o. 

Pressed blocks SM®, 31'5® 31*4o 31‘8«. 

Loose crystals 31*6*^. 

Horizontal arrests were also recorded, sometimes at lower 
temperatures, for example, 31*0®, 29*5*^, 29‘6^. 

Arrestfi during heating were always at a higher temperature, and 
the curves were generally of a sinuous form, rising to a maximum 
value before falling again to a minimum approximating to the 
transition-temperature of the salt. These minima in the heating 
curves were observed at the following temperatures: 

Cast blocks 33’ 2*^. 

Pressed blocks 33 '8'^, 33*1°, 33 '2'^. 

In one experiment in which the sample had become very much 
over-heated before the change of state set in, a still higher rea^ 
ing was obtained at 35’3'^ (compare Zawidzki, loc. cit, vho obtain 



AMMONItTM NITRATK. 


part I. 


,, average of 36-0o for seven arrests in heating ammonium nitrate 
jlone and mixed with silver nitrate). niwate 

In view of the fact that the horizontal arreste or maxima in the 
eoohng curve, were always very much more fully develop^ than 
the minima in the heating curves, it was believed that tb^ f 
^uld be ^umed to give a correct value for the transition-ten^™" 
tore which was located provisionally at 32°; actually, however the 
daU now quoted can only be used to prove that the transition 

It r w« T" between 3 0° 

and 33 1 , and it was not possible to secure an absolute deter- 

^.nation by this method in view of the fact that in no case were 
the arreste on heating and cooling within one degree of each other 
Attempts to secure more accurate readings of these transition: 
temperatures by using larger quantities of nitrate up to a kilo- 
gram resulted in failure, the conductivity of the salt being so low 
as to Fevent the effective flow of heat from one part of the mass 
to another; better r^ulte were, indeed, always obtained bv heat 
ing or cooling much smaller quantities of ammonium nitrate 
insulated as carefully as possible, for example, in a vacuum vessel' 
m order to reduce the rate of heating or cooling to a minimum 
A distinct improvement in the heating curves was, however; 
obtained, as in the case of the transition at 84°, by stirring about 
100 grams of powdered nitrate in a small drum, surrounded bv a 
steam-jacket in such a way as to produce a constant flow of nitrate 
past the thermometer. By using this method, the following 
arrests in the heating curves were recorded : 

32’6^, 32’7o°, 32‘7°. 32 9°, 33-0° 

These readings are definitely lower than those recorded pregiously 
when cast or pressed blocks of the nitrate were heated, but no 
improvement could be effected in the cooling curves, so that there 
ltd remained a gap of about 0-6= between the highest arrest on 
coolmg and the lowest arrest on heating. 

The method of stirring the powdered nitrate in a bath of liquid 
0 equal density, which had proved so successful at the higher 
temperatures, was a complete failure when applied to the dLr- 
mmaflon of the transition-temperature at 32°. The temperature 
rewded on the thermometer immersed in the liquid frequently 
ailed to show any arrest at all. Even after inoculation, the cool- 

sairr only on two occasions were 

^ats actory arrests observed at 3h8° and at 31-6°; on no occasion 
an arrest observed in the heating curve. It may be noted 

olTarji Chrm., 1899, 31 , 354) 

ainwi a satisfactory arrest at 32-2° by cooling from 80° a mix- 



1396 


EABLY AND LOWRY : THE PROPERTIES OP 


ture of 100 gi*ams of ammonium nitrate with 15 to 20 grams of 
water, and that this temperature lies within 0*1® of our final value 
for this transition poinh 

(b) Experiments with the Dilatometer . — The unexpected difiicul. 
ties which were encountered in trying to determine the exact posi- 
tion of the transition-temperature at 32* P can be traced to tte 
relative slowness with which the change of state takes place immedi- 
ately above or below the transition point, even when assisted by 
inoculation, as contrasted with the much greater velocity of the 


changes at 84° and 125°. 

This is in accordance with the general rule that changes of this 
character become more and more sluggish as the temperature falls, 
by reason of the decreasing mobility of the molecules and the 
increasing resistance which the rigidity of the material opposes to 
molecular rearrangement. Under such conditions, the thermal 
method becomes difficult or impossible, and it is usually necessary 
to fall back on some method of determining the transition-tempera- 
ture in which ample time can be allowed for the change of state 
to reveal itself. In the case of ammonium nitrate, the most 
promising method was to follow, by means of a dilatometer,* the 
expansion or contraction which accompanies the change of state, 
instead of relying on the absorption or liberation of latent heat to 
produce an arrest in the heating or cooling of the salt. 

Experiments which were made on these lines gave us our first 
tnistwortliy value for this transition-temperature, and also pro- 
vided valuable information as to the velocity of the change in the 
immediate neighlx>urhood of this point. 

The solid used in the dilatometer was made by fusing pure, dry 
ammoi|ium nitrate, pouring into a mortar, breaking the cast lump 
into pieces about 0-3 cm. in diameter, and sieving to free it from 
dust. This form of the salt was used in order to secure good 
thermal contact between the solid and liquid, and, at the same 
time, to avoid the risk of fracturing the bulb by the sudden 
expansion of a closely-packed powder. The dilatometer held about 
60 C.C., and the bulb was sealed off after filling about three- 
quarters full with fragments of nitrate. The liquid was a ” 
of high boiling point which had been treated with concentra^ 
sulphuric acid to free it from olefines, and then dried over metallic 
sodium ; it was introduced in an air-free condition by making i • 
of the apparatus shown in Fig. 1 of a paper by Wade ana 


Merriman fT., J912, 101, 2430). 

In a dilatometer filled in this way, 


there are at the transition 


* Compare van’t Hoff, Zeitsch. ph}/mknL 1895, 17. l^O, 


** Vorleflungon,* 1898, vol, i., p. 18. 



ammonittm niteate. part I. 1397 

temperature two alternative positions for • 

„>ay be «.lled V0, is the poLiorwhen J 

the stable low temperature or ;3.form; the second whic^ h 

nitrate has been converted (without change of * aU the 

the lighter y.form. The position cant deSnetT^^t" 
ing the dilatometer from the atmospheric temperature 
just below the transition point; )'y can be detLn,- ^ v 

passed into the y-form, and then cooling it to a noinf ' 

..... a. .. 31.. 

required to give the exact position of these two points 

oflrnTnium tteatit ^ et^ntT 

Mutain both fmms of the salt, in order that changeTf^^tate'my 

'“"‘TV'”? 

water, part of the salt reverted from the y- to the d-form, a change 
which was revealed at once by the appearance of white patehe 
0,1 the lumps of nUrate; this change took place long before the 
contents of the bulb as a whole had time to cool to the transition 
einj^ratiire Having made sure in this way that the nitrate in 
e bulb contained a substantial proportion both of the and o 
he y-forms of the salt, it was possible to find a range of tempera- 
iiies (just above the transition point) at which the meniscus 
tended to settle down ,i. the neighbourhood of Vy by reason of the 
»inplete conversion of the contents to the y-for^ a„d a range of 
temperatures (just below the transition point) at which the 
meniscus would settle down in the neighbourhood of V$, owing to 
the complete conversion of the nitrate to the i8-form ® 

The actual behaviour of the dilatometer when heated at different 
emperatures after the preliminary treatment described in the 
preceding paragraph was as follows: 

immersed in a thermostat at 
tion b t * settled down very quickly to a definite posi- 

chanre of to Fy or to fall towards F/3. The 

which it L fb to te arrested at the point to 

mrof i u" preliminary treat- 

3‘)'lo qomo® o, L ^ P«eiselv similar behaviour was observed at 
■ 31-90, 31 •go, and 31'70. 

31-60 ‘■j’® temperature of the thermostat was reduced to 

> e Tnenjsciis for the first time began, t-o show a t-endeiicy to 
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fall towards FjB, although the change at this temperature was so 
slow as to be almost imperceptible; on repeating the experiment 
with the thermostat set to however, a definite movement 

towards F/5 could be seen. These two temperatures are therefore i 
definitely below the transition point of the nitrate. 

(iii) When, on the other hand, the temperature of the 
thermostat was raised to 32 -3^, a definite but exceedingly slow 
upward movement of the meniscus towards Vy was observed, and 
a more pronounced movement when the temperature was raised 
to 32*70 

These experiments, on account of the extreme sluggishness of 
the change of state in the immediate neighbourhood of the transi- 
tion point, failed to fix the exact position of this temperature, 
although they served to locate it between 31 ‘6® and 32*3® . These 
two limits agree quite closely with those arrived at from a study 
of the cooling and heating curves, which had shown arrests below 
and above two corresponding limits at 32' 0® and 32*6®; rather 
closer limits were recorded by Vogt, who observed equal and oppo- 
site slow changes of volume at 32*40® and 32*62®. 

(c) Quantitative ExperimeJits irith the Dilatometer . — In order 
to determine the exact position of the transition point, a series of 
quantitative experiments was made on the velocity of the change 
of state as sliown by observations with the dilatometer at tempera- 
tures above and below the transition-temperature. 

The preliminary treatment of the nitrate was much the same 
as in the previous experiments, and was carried out as follows. 
The two extreme positions of the meniscus at the transition- 
temperature were first located on the scale of the dilatometer, as 
follows : 

V$~20 cm.; r 7 = 48 cm. 

Starting with cold nitrate in the i3-form, the dilatometer was next 
immersed in a bath of water at 34® in order to initiate the change 
from the j8- to the y-form. At this temperature (on account of 
thermal expansion), the two extreme positions of the meniscus 
would be about 22 and 50 cm. ; when, therefore, the meuiscua had 
risen to about 36 cm. on the scale of the dilatometer, it was clear 
that the two forms were present in roughly equal quantities, whilst 
the thermal conditions of the dilatometer and its contents had not 
been seriously disturbed. 

After this preliminary treatment, the dilatometer was immersed 
in a thermostat set to a definite temperature just above or below 
the transition point. Thermal equilibrium was quickly estab- 
lished, and exact measurements could be made of the rate of 
movement of the meniscus consequent on the change of state from 
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0 iQ y, or vice versa; the uniformity of this movement, over con- 
siderable periods of time, was such aa to justify the view that the 
rates recorded in heavy type in table IV are definite physical con- 
stants of the change of. state over the range of temperatures from 
3 p 2 ° to 33*0®. The readings represent the movement in mm. 
of the meniscus during successive intervals of ten minutes. The 
mean steady velocities (obtained by averaging the numbers which 
are shown in heavy type in table IV) are recorded in similar units. 



'he final column shows the percentage of the salt which would 
mdergo change of state in one hour, as deduced from the volume 
hanges recorded in the previous columns. The thermometer 
'ladings' are given to tenths of a degree, but are all subject to a 
correction of 4-0'03°. It is remarkable that at temperatures a 
•vhole degree above or below the transition point, nearly an hour 
5 required to change half of the material from the ^ to the y-forin^ 
vice versa. 

When all these velocities are plotted out in a diagram, as in 
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th© figure, a curve is obtained which is almost symmetrical on 
either side. According to the well-known principle which is used 
in determining the “ critical volume ” of liquids and vapours, the 
transition-temperature may be determined accurately by ruling 
a series of horizontal lines across the velocity diagram, reading eg 
the temperatures given by the intercepts of these lines with the 
curve, and working out an average value for each pair of tempera- 
tures.' These averages, as set out in table V below, are as follows; 

32-09°, 32-11°, 32-13°, 32-13°, 32-12°, 32-11°, 32-11°. 

The mean value, 32-11°, is much more accurate than any of the 
values deduced either from arrests in the heating and cooling 
curves of the salt or from merely qualitative observations with 
the dilatometer, and is probably correct to within a few hundredths 
of a degree. For practical use, the second decimal may be 
omitted, and the transition-temperature given to one-tenth of a 

degree as 32-1°. r lu j i i 

(d) Form of Velocity 6'urrr.*— Whilst the use of the dilatoineter 

in determining trausition-temiieratures has been a well-known 
standard method for more than twenty years, and has been applied 
repeatedly when the change of state is too slow to be followed h 
the thermal method (see especially E. Cohen’s exiienments on the 
allotropy of metals); the complete velocity curve shown in the 
figure does not appear to have been plotted in any of these cases, 
The most striking feature of this curve is its complete symmetry, as 
proved by the constancy of the temperatures sliowii in the last 
column of table V. which only vary over a range of ±0-02°. Tins 
complete symmetry, which could not be predicted, makes it possible 
to locate the transition temperature very accurately, and it is 
doubtful if any other method is capable of giving equally exad 
results; for comparison, it may be noted that the use of the "recti- 
linear diameter ’ to determine critical volumes depends on the 
existence of a skew-symmetry only iu the cun-o of specific volumes 
for the liquid and saturated vapour. 

In view of the regularity of the curve it is of interest to inquire 
into its mathematical form. The data now recordeii can be 
expre&^st’ed by the ecjiiatioii 

±((-ti,) = log|(,(v'r-hl), 

where <= temperature, 

transition temperature, 

t* = velocity of change (percentage changed per hour). 

• Added 6/12/19. 
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T/,e agreement of this formula witli H,„ . 

shown in the following table: xjjenmental results is 


i). 

1 

2.5 

5 

10 

20 

30 

40 


±ilto) 
obs. 
0-33" 
0 * 4 1 
0-50 
O -02 
0-72 
0-79 
0-8« 


calc. 

0-30^ 

0-41 

0-51 

0-62 

0-74 

0-81 

0-8G 


(e) Anomuli.e in the Healing aM OooUny Currn At 
early period in the investigation, it was noti^id w t^' 
tkat very steady arrests of heating and 00 ,.! ' * surprise 

temperatures which were obviously not exacr^lrr’^r 
since they were scattered over a coDsiderabl» points, 

of a mean value, which could be rTgl dtd 
correct transition-temperature. This was a as the 

no explanation could be suggested at the tin!e ^ 

General experience in such matters has ahnw„ rl,,. v 
ing with rapid transitions, such as are observ A • ^ 

and 766» the arrest in the coolin! c^rv! h 
ever liberation of latent heat fails to or hlurred when- 

revealed by its sinuous character. In dealiinr with^^"^ ^ 

nitrate, many sinuous arrests have been obsirved at^t 

either below or above the real tran«if; • i. i ^ ^^•^peratures 

tie arrests recorded at then ow o"' ^ 

perfectly sharp. temperatures were 

These observations can all be internreted ft. r i,^ , . 

lata now given for the velocity of change of stat^ Thu! 
fct place, it is obvious that since this velocity of chan ’ 

ceptible from Sl-S® to 3‘’-3° there - of change is iinper- 

b— lh.e OuuMr.C L ,h 1 , ”1 

1’- “.“.‘.alKr* ‘'I' “ ‘“‘“rto fc *u’ 

t€Dnf>ra+ i* change of state as recorded in table IV the 
table. ^ ^ ^ columns 3 and 4 of that 



Velocity of Change of State, above and below 32 1°. 
Motion of meniscuB, in mm. per 10 minutea. 
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Table V. 


Yelocit^ of Change of State of Ammonium, Nitrate at Different 
Temperatures, 


per cent, 
changed 

Rate of cooling 
or heating. 
Calories per 

Temperature 

(arrest-points). 

Average 

per hour. 

gram per hour. 

Coolings 

Heating. 

temperature* 

1 

0-050 

31-75" 

32-42" 

32-09" 

2-5 

0-126 

31-69 

32-52 

32-11 

5 

0-261 

31-63 

32-63 

32-13 

10 

0-602 

31-51 

32-75 

32-13 

20 

1-00 

31-40 

32-84 

32-12 

30 

1-51 

31-32 

32-90 

32-11 

40 

2-01 

31-25 

32-96 

32-11 

The arrest 

points shown in 

the table 

Mean 32-1 T 

are the temperatures at 


which the latent heat, liberated by a change of state proceeding 
with known velocity, would exactly balance the heat gained or 
lost by radiation, conduction, etc. Imperfect conduction of heat 
in the mass may displace these temperatures still further from the 
true transition point, and at the same time destroy the sharpness 
of the arreste. The latter phenomenon is observed also in the 
transitions at 84° and at 125°, where sinuous arrests at abnormally 
low temperatures are frequently observed, but the velocity of 
change of state at these two points is so much greater that a pro- 
onged or “horizontal^' arrest has never been observed, except at 
1 temperature agreeing very closely with one or other of these 
[ransition pointe. 

Summarg, 

(1) The freezing point of ammonium nitrate is very sensitive to 
the influence of traces of moisture ; by careful purification and 
drying it has been raised to 

(2) The highest of the transition points has been determined 
fom the arrests of temperature on heating and cooling the salt 
vheii suspended in a liquid of similar density. The temperatures 
’ecorded were: on heating, 12o’24°; on cooling, 125T9°; mean 
^alue, 126*2*. 

(3) The second transition point was determined by the same 
taethod, the observed temperatures being: on heating, 84*20°; on 
iooling, 84*20°; mean value, 84'2*. 

(4) The lower transition point cannot be determined in this 
fay, as the change of state is too slow to be detected over the 
snge from 31*8° to 32*2°. It was determined dilatometrically by 
f^easuring the rate of change over a range of temperatures; the 

cxv. 3 G 
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curve of velocities proved to be symmetrical, and the transition- 
temperature was therefore found by taking the average of pairs of 
temperatures at which the change proceeded with equal velocities 
in opposite directions. In this way, the transition-temperature was 
fixed at 32*1®. 

(5) The form of the velocity curve for the change of state can he 
expressed by the simple empirical equation 

— logjQ ( + 1). 

(6) The arrest }x>ints due to the change of state at 32*1'^ never 
coincide with this temperature, the arrest point being determined 
by the rate of loss or gain of heat. A table is given showing the 
temperatures of arrest on cooling or heating at fixed rates 
expressed in calories per gram per hour. 

Guy’s Hospital, 

London, S.E. 1. [Received, October 1919.} 


CXXXII . — The Production of Methyl Ethyl Keiom 
from n-Butyl AlcohoL 
By Albeut Theodore King. 

In this conversion, the usual series of steps has been employed of 
dehydration, re-hydration of the resulting alkylene to the 
secondary alcohol, and, finally, dehydrogenation of the latter te 
give the corresponding ketone ; 

R-CHo-CH.'OH R-CHgXH^ 

R*CH(0H)-CH3 R-CO'CHj. 
No details appear to have been published hitherto regarding th« 
hydration of butylene to the secondary alcohol, and although tb 
first and last of the above stages have in this particular case been 
elsewhere described, the comparative results now obtained seem 
worthy of being placed on record also. 

Dehydration of lOrBuUjl Alcohol , — Each of the three possible 
butylenes, 

CHs-CHg-CHICHa CHs-CHiCH'CHj (CH3)2C:CHa, 

«•. B*. 7*- 

has been identified by previous observers in the product of dehydr- 
ation, the composition of which would appear to depend both on 
the nature of the dehydrator and on the temperature employed. 
Thus Ipatiev (J, Rues. Fhys. Chem. Soc., 1903, 35, 577), with 
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lumina as catalyst, at 500° obtained a gas containing 25 — 30 per 
eiit, of orbntylene, the rest being y-butylene; the latter was 
,ttributed to the presence of i^obutyl alcohol in the material 
mployed. Senderens {Ann. Ckim. Thy%., 1912, [viii], 25 , 449), 
ijing aluminium sulphate at 300°, obtained a-butylene with 27 per 
ent. of y-butylene. Le Bel and Green obtained on dehydration 
vith zinc chloride a product free from y-butylene and containing 
50 per cent, of ^-butylene and 10 per cent, of a-butylene {Bull 
j,,. chim., 1881, [ii], 35 , 438). 

In the present investigation, in which phosphoric acid on pumice 
A’8S used, only slight differences were observed in the composition 
if the product at temperatures ranging from 280° to 400° No 
y-butylene was detected, and even at 280° the amount of 
a-butylene present, so far as was indicated by fractionation of the 
bromide, could only be slight. This method of dehydration, there- 
fore, yielding reasonably pure ^-butylene, gives a much more 
homogeneous product than those previously described. 

Hydration of Butylenes. hydration of the three butylenes 
with sulphuric acid should theoretically proceed as formulated 

I'talAW * 

CHg-CHj'OH.'CHj 

\’H5*CH2'CH(OH)‘CHs 

{ oa ,) fi : cH , ^ (ch3),c-oh 

This conversion in the case of y-butylene has been described by 
Butlerov {Annalen, 1875, 180 , 245), who also records the very slow 
hydration of ^butylene, but without details of the isolation of 
«c.-butyl alcohol. Nor is the formation of the latter from 
a-butylene recorded ; and this point is under examination, the 
bresent investigation dealing only with the behaviour of 
pbutylene. 

I The rapid absorpt^ion of j5-butylene (as also of a- and y-butylene) 
py concentrated sulphuric add is well known, but by this action 
Jolymerisation, and nob hydration, results. With diluted add, 
he very slow action on keeping has been confirmed, but liquefied 
^butylene, under its own pressure, agitated in contact with the 
dd, has been found to undergo absorption with ease, Polymerisa- 
lon, which is marked at the higher concentrations, is very slight 
fith 78 per cent, acid, and below this strength the reaction 
Jfoceeds normally. 

In one case, an absorption was observed of nearly 20 per cent, 
excess of the butylene theoretically required to convert the 
d to butylsulphuric acid, suggesting that the latter is capable of 

3 6 2 
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catalysing the direct hydration of 6 -hiitylene. It is hoped to 
investigate this point further, 

The diluted solution, on distillation, readily gives the secondary 
alcohol in good yield. 

Dehydrogenation of sec,-5wtyZ i4?coAoZ. — Reduced copper is 
recorded by Sabatier and Senderens as being particularly efficient 
in catalysing the dehydrogenation of secondary alcohols, these 
showing a conversion without complications, but incomplete owing 
to the reverse action also taking place in the presence of copper. 
They observed the formation from sec .-butyl alcohol of methyl 
ethyl ketone and pure hydrogen, without any accessory reaction 
within the temperature range of 160 — 300° {Ann. Chin. Phy^.^ 
1905, [viii], 4 , 433, 465). In the present work, the reverse action 
above referred to was perceptible, but only slight. 


Experimental, 

Preparation of ^-Butylene, 

The 7 i-butyl alcohol distilled at 116 — 118°. It was gently boiled 
in a silica distilling flask attached to a 2*2 cm. copper tube 150 cm. 
in length, capable of giving, by electrical heating, temperatures, 
registered at the middle part, from 280° to 400°. This was packed 
with fragments of ignited pumice impregnated with glacial phos- 
phoric acid. (This catalyst can be used indefinitely, its activity 
being renewed occasionally by burning a piece of phosphorus at 
the mouth of the tube, with a current of air passing through.) 
The unchanged alcohol and water formed were collected in a 
receiver with water-cooled reflux and with a syphon tube for the 
discharge of the condensate from time to time. The gaseous pro- 
duct, after scrubbing with 60 per cent, sulphuric acid to retain 
any 7 -butylene, was absorbed in cooled bromine until the latter 
was nearly colourless. The product was then .shaken with dilute 
alkali, dried with calcium chloride, and systematically fractionated. 
The following are typical results : 



{!). 

(2). 

(3>. 

Temperature 

... 300—320®. 

280—300®. 

400®. 

Dried product ^ 

... 76 grams. 

114 grams. 

120 grams. 

Final fractions .* — 
below I5if 

A53-I57*. \ 

3*5 

2 » 

IS.?— 157^ 

1 7 grams j 

9*0 „ 

ft 

157—159 

60 

92 

98 « 

169—161 

3 

3 „ 

5 t. 

residue 

3 „ 

3-6 „ 

4 „ 
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The boiling points of the three dibromides are; a- 166®- 

cM-fonn, 168®; trans-, 161®; y-, 149-6®. Thus o-butylene is 
Bot present, even at the lowest temperature employed, in notable 
(quantity. The low fraction, possibly indicating the presence of 
y-butylene, was not appreciably increased in (2), in which washing 
with 60 per cent, acid was omitted, and these lower fractions were 
not in sufficient quantity to detect by further fractionation the 
presence of -y-butylene dibromide. Moreover, no tert -butyl 

alcohol was obtained from the 60 per cent, acid used to wash more 
than 100 grams of gas. On dilution and distillation, it yielded 
only 3 grams of product, which proved to be mainly n-butyl alcohol 
carried over. 

Much of the butylene formed dissolves in the butyl alcohol 
which escapes dehydration and condenses in the receiver. From 

this solution, more than 150 times its volume of butylene is 

expelled on raising to boiling point. 

No side-reaction was observed in the dehydration. The un- 
changed alcohol layer, dried and fractionated, yielded 6nally 
1-2 per cent, distilling below 116°, the rest passing 'over at 
116 118 , and for continuous working the condensate was shaken 
with salt and the upper layer separated and used again, thus 
conserving the dissolved butylene. 


Action of Sulyhtiric Acid on ^-Butylene. 

On bubbling the gas through concentrated sulphuric acid, rapid 
absorption took place, the liquid becoming warm and darkening 
in colour. A pale yellow upper layer formed, and when this had 
increased to about 10 c.c. in volume, it was separated, washed, and 
dried with calcium chloride. It had a slight odour of hydrocarbon, 
and, on distilling, boiled without any constancy from 140® to 300°. 
The sulphuric acid layer gave, on pouring into excess of water, a 
turbid liquid, from which a small quantity of oil separated, which 
gradually darkened and became very viscous. These products, 
presumably formed by polymerisation of the j8-butylene, were not 
urther investigated. No secondary alcohol was detected in the 
aquous portion. 

With diluted acid, even up to 78 per cent., no appreciable 
absorption took place when the gas was merely bubbled through, 
or absorption under pressure, the following procedure was used. 

e gas was liquefied by passing through a worm cooled in 
a mixture of ice and salt, the outlet tube dipping under the add 
oontamed in a stout-walled bottle, also cooled in ice and salt. This 
gave good condensation, bubbles of gas escaping only at rare 
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intervals. The bottle was then closed by a rubber stopper, wired 
down, and, after weighing to ascertain approximately the amount 
of butylene condensed, shaken in a mechanical shaker until the 
butylene layer had disappeared. In each case, 50 c.c. of pure acid 
were used with varying dilution, and the time occupied for absorp. 
tion was roughly noted, with the following results: 


Concentration. 

Butylene. 


Per cent. 

Grams. 

Time taken. 

100 

17 

— 

840 

21 

6 minutoa 

78-0 

23 

20 

76-0 

22 

40 

1 hour 

76-3 

22 

72-6 

10 

1-6 hours 

70>0 

24 

5 

64-8 

10 

8 w 

Little effect 
after 15 hours. 

50-0 

22 


With pure acid, the absorption was complete in a few seconds. 
On pouring into ice, an oil separated which, after drying witli 
calcium chloride, weighed 15 grams. It distilled from 140° to 
above 300® without boiling constantly at any point, like the pro- 
duct previously described. No secondary alcohol was present in 
the aqueous portion. 

With 84 per cent, acid, the alcohol was the main product, but 
considerable polymerisation occurred. Moreover, the acid crystal- 
Used in the freezing mixture, causing inconvenience through block 
ing of the delivery tube. The freezing-point curve shows the ran^« 
of concentration, having sufficiently low freezing point and also 
giving normal reaction in reasonable time, to be from 74‘5 (f. p. 
-20®) to 78 per cent. (f. p. -20®). The concentration ultimately 
adopted was 75 per cent. With 78 per cent, acid, a trace of oil 
with a terpenc'like odour was observable on dilution, this becoming 
imperceptible with the lower concentrations. 

The rise of temperature was very marked with the higher con- 
centrations. The pressures generated by the liquid butylene were 
approximately determined by a pressure gauge as follows: 


12* 

0-6 atm. 

20 

0-95 „ 

30 

1-4 „ 

40 

1-9 „ 


With 75 per cent, acid, the temperature did not reach 40°, 
the operation is thus without risk. 

To ascertaiir the extent of absorption, 76 per cent, acid, cont-ain' 
ing 92 grams of pure acid, was shaken with 63 grams of butylene 
(theoretical quantity— 51*5) for fifteen hours. The excess of ga* 
was allowed to escape, and any in physical solution removed by 
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exhaustion, when 61 grams were found to have been chemically 
absorbed. About 90 per cent, of the theoretical quantity was, 
•however, usually employed. 


Hydrolysis of Butylsulphuric Acid. 

Comparative experiments were made, using three portions of 
50 grams from the same batch of butylsulphuric acid. These were 
respectively neutralised with sodium carbonate and treated with 
quantities of 50 and 25 grams of water. The liquids were dis- 
tilled, and the distillates caught in graduated tubes and thoroughly 
shaken with salt solution and a slight excess of salt. The volumes 
of upper layer were 23 c.c., 23 c.c., and 22*5 c.c. respectively, 
^ith neutralisation as employed by Butlerov {toe. cit.), the alcohol 
distilled over very slowly with a large quantity of water. Dis- 
tillation with the leaser quantity of water gave a distillate with 
only a small aqueous layer, the bulk being retained by the acid, 
but with a slightly lower yield, although no ether was detected in 
the product. Dilution with an equal weight of water was therefore 
adopted. 

With this procedure, 51 grams of butylene yielded a distillate 
which, after salting out and drying with potassium carbonate, 
weighed 60 grams, that is, 89 per cent, of the theoretical on the 
crude material. From 150 grams of dried, undistilled product, 
after careful fractionation, were obtained as final fractions : 

below 97-5® 3 grams 

97,5—99.50 131 

100 " 8 „ 

residue 5 „ 

The fraction 97'5 — 99 ‘5^ wms employed for conversion to ketone. 


Dehydrof/ermtion of ^ec.- Butyl Alcohol. 

The procedure followed was substantially that of Sabatier and 
8enderens (loc. cit.). A copper tube 172 cm. long and T2 cm. In 
fliameter was packed with copper oxide from wire kept in place 
with plugs of rolled copper gauze, and enclosed in a 2*5 cm. copper 
tube 135 cm. long wired for electrical heating. After reduction 
of the wire with ethyl alcohol vapour, and expulsion of the latter, 
-butyl alcohol was distilled through from a silica flask at such 
4 rate that the distillate passed through at the rat-e of about one 
drop a second. This was caught in a receiver cooled in ice-water. 
The hydrogen was evolved just too fa.st to allow the bubbles 
through a wash-bottle to be counted. The temperature remained 
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fairly constant throughout, the fluctuation on either side of 290° 
being never more than 5®. 

In the first preparation, from 100 grams of alcohol, I04 
distillate were obtained. This contained water, formed from some 
unreduced copper . oxide, and, on fractionating, 94 grama distilled 
at 73 — 75°, the mixture separating a small, lower layer of water, 
After drying with potassium carbonate, the bulk distilled at 
79 ^ 1 °. 

Two hundred and fifty grams of alcohol gave an almost 
theoretical yield of dried, undistilled product, which gave the 
following fractions: 

76 — 79® 5 grams 

79—81 199 „ 

81— 82 9 

82 — 86 6 ,, 

residue 12 „ 

Thus the conversion is upwards of 90 per cent. 

The fraction boiling at 79 — 81° decolorised permanganate, but 
after stirring with about half a gram of powdered potassium per- 
manganate for a short time, the colour persisted. On distilling 
off and drying thoroughly with potassium carbonate (the boiling 
point is very easily affected by traces of water), the ketone distilled 
^a|most completely within the range 80 — 80*6°, 

The yield on the small scale from the crude butylene is about 
70 per cent, of the theoretical, and with continuous working and 
recoveries this figure at least should be reached in the complete 
synthesis from n-butyl alcohol. 

biPEKiAL College of Science and Technology, 

South Kensington. [ Btceivtd , ^' wmh<r Wh , 1919,] 


CXXXIII . — Conversion of the Simple Sugars into their 
Enolic and Ethylene Oxide Forms, 

By Edward Frankland Armstrong and Thomas Percy 
Hilditch, 

No group of compounds is more remarkable than that of the 
hexoses, on account of their extreme mutability. Glucose, for 
example, may Ke obtained in an a- and a Jj-crystalline form, and 
if either of these is dissolved in highly purified water the solution 
is all but stable. Yet if a trace of alkali is added, an equilibrated 
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mixture of tte two ieodynamic forma is practically instantaneously 
produced. The change has been specially studied by Lowry (T., 
1903 , 83 , 1314; 1904, 85 . 1551), and its character has been dis- 
cussed also by one of the authors (T., 1903, 83 , 1305). 

The more gradual change, also under the influence of alkali, 
from one hexose into another, within sections including as many 
as four members of the group {for example, glucose ^ mannose 
fructose ^ glutose), was brought to light through the pains- 
taking labours of the late Lobry de Bruyn {Eec. trav. chim.^ 1895, 

14 156, 204). In this case, the transition has been assumed to 
involve the formation of an enolic form as an intermediate term. 

In the case of the hexosea the aldehydic form (aldehydrol) is 
commonly supposed to have but an ephemeral existence, and it is 
held that Or and jS-glucose are butylene oxide or pentaphane deriv- 
ativea corresponding with the two methyl glucosides. The latter, 
it is well known, are simultaneously produced by the action of a 
strong acid on glucose dissolved in methyl alcohol; a residue, long 
unexplained, has recently been shown to contain a third isomeric 
methyl glucoside, regarded by Fischer and by Irvine as the 
derivatives of an ethylene oxide form of the hexose. 

Irvine and his school (T., 1915, 107 , 524; 1916, 109 , 1305, etc.) 
have shown that the new methyl glucoside is characterised by its 
capacity to condense with acetone, to reduce potassium perman- 
ganate solutions, and to undergo auto-condensation, and that the 
actirity of the parent glucose from which it is derived far exceeds 
that of a- or j3-glucose. 

The observations we have to place on record relate to the changes 
effected in the simple sugars by acids and by alkalis, as measured 
both by means of the polarlmeter and by means of increased 
liability to oxidation. 

A solution of either a- or j9-glucose in water (both well purified) 
is practically •unaffected by permanganate. In acid solution, 
reduction of the permanganate seta in at once and at a definite 
rate under definite conditions; thus, under the standard conditions 
detailed in the experimental part, 10 c.c. of 1 per cent, of a- or 
jS^glucose in iV“/10-hydrochloric acid solution decolorise 2 c.c.^ of 
V/lOO-permanganate solution at 25^ in twenty-eight to thirty 
rainuteg. That the change is instantaneous is proved by the fact 
that the reducing power acquired is independent of the time during 
Thich the acid has acted, solutions containing acid which have 
been kept various times all having the same reducing power, ^e 
strength of the acid, however, is a factor in the change, the etfec 
being less the weaker the acid and likewise the less concentrated 
the add, 

3 0 ^ 
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We consider that the active agent is the ethylene oxide modifi. 
cation of glucose, 

CHj{OH)-CH(OH)-CH{OH)»CH(OH)-CH-CH*OH* 

The amount of the ethylene oxide form present is regulated by 
an equilibrium depending on the strength of the acid, hui that it 
is small is shown by the fact that the optical rotatory power of 
glucose in an acid is the same as in an aqueous solution, Thg 
ethylene oxide form is reproduced as oxidation by the permaa- 
ganate proceeds, as shown by tbe fact that fresh additions of 
permanganate solution are decolorised. 

Mannose and fructose are affected by acids in a similar way, but 
the altered mannose solution acta far more rapidly than that of 
glucose; fructose is only slightly less active than mannose, For 
example, under precisely comparable conditions, whereas the reduc- 
tion of permanganate by glucose occurs in twenty-eight to thirty 
minutes, that by mannose takes only from twelve to thirteen, and 
that by fructose sixteen to seventeen minutes. 


CH'OH 

CH-OH 

CH, 

CH, 

CHj-OHt 

Hi)" 

o<! • 

\CH 

o(\ 

^C-OH 

HO-C/ 

.C-OH 

Ho-dn 

HO-CH 

HO'CH 

HO-CH 

I or 


HC-OH 

HC-OH 

HC‘OH 

I 

HC-OH 

! 

HC-OH 

h6-oh 

h6-oh 

HC-OH 

HC-OH 

HC-OH 


6h,-OH CHj-OH CHj-OH CH,'0H iflj'OH 

Glucose. Mannose. ^ 

Fructose. 

In view of tbe close relation of the ethylene oxide forms of tliese 
sugars, it seems not improbable that one of the isodynamic forms 
is the more oxidisable, and that this is the form present in 
mannose. 

The reduction of permanganate (as well as of methylene-blue 
and of indigo-blue) is also promoted by the addition of alkali. In 

♦ At first sight the alterations involved in the conversion of butylene oxide 
into ethylene oxide or enoUc forms of glucose appear somewhat far reaching 
when viewed only in the light of the conventional structural formul®. If. 
however, stractaral models are prepared of the sugars on the lines of the 
Pope<Badow hypothesis of close packing a more rational interpretation o 
the clumgee is realised. 

t This form of fructose is present in sucnwe according to Haworth and Law 

(T., 1916, 109, 1314), 
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this case, however, the change of the hexose is more gradual, as, 
within limits, the solution is the more active the longer the alkali 
has acted. The interactions in the three cases take place at corre- 
sponding rates, showing that in each case the same change is being 
studied. Under the experimental conditions observed, the reduc- 
tion phenomena correspond only with the changes in structure 
which take place in the course of the first few hours, and it is 
unlikely that any far-reaching disturbance has occurred in the 
carbon chain beyond the atoms 1 and 2, 

As shown by the polarimeter, the equilibrium between the o- 
and ^-butylene oxide forms of the sugar is established instant- 
aneously in alkaline solution, and subsequently the optical activity 
falls slowly, but it is still of considerable magnitude at the end of 
six hours. After this, it continues to fall, some fifteen to twenty 
days being required before the solution loses its activity. To 
judge from the slowness with which alkali acts as compared with 
acid, taking into account the instantaneous equilibrium of the a- 
and jS-fonns in the presence of alkali, it is clear that the latter 
are not concerned in the change. It therefore seems probable, so 
far as the effect produced by acids is concerned, especially in view 
of the distinctly basic character of ethylene oxide, that the 
ethylenic oxide form of the hexose, not an enol, is the active agent. 
Assuming the enol to be concerned, acids equally with alkalis 
should convert one hexose into another in the Lobry de Bruyn 
change, but this is known not to be the case. 

It is noteworthy, however, that ethylene oxide itself has no 
reducing power on either methylene-blue or indigo-blue in alkaline 
solution, although it readily affects permanganate. It is by no 
means clear, in fact, that the action of alkali is comparable with 
that of acid, and it may well be that reduction is effected by the 
eaol, Whereas possibly in acid solution a salt of the ba^ic 
ethylene oxide hexose is formed, in alkaline solution the scission of 
all ring systems and the production of a metallic salt of the open- 
chain enol appears more probable. 

Whilst glucose decolorised the standard amount of permanganate 
initially in eleven minutes (in the presence of one equivalent of 
sodium hydroxide), fructose <-akes three and mannose twenty-five 
minutes; the figures after the solutions have remained for five 
hours are, respectively, glucose 3, fructose 1’25, and mannose 
9 minutes. 

As the formulae show, all three substances can give the same 
enolic form. On the supposition that '"enor’ rather than 
“ethylene oxide " is initially formed in the presence of alkali, the 
configuration represented by fructose is most, and that represented 

3 G* 2 
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by mannose least, prone to undergo enolisation. Tbis is in inarke(i 
contrast to the behaviour of the same three sugars towards acid. 


CHO 

HC’OH 

HC-OH 

HO-OH 

CH,'OH 

Glucose. 


CHO 

HO'CH 

HO'diH 

HC-OH 

H(!;-0H 

6Hj-OH 

Mannose. 


OH-OH 

CH,-0H 

ch,-oh 

11 

C-OH 

60 

(i-OH 

O-OH 

HO-^H ^ 

HO-CH -> 

HC-OH 

HC-OH 

HC-OE 

nij-oH 

h 6 -oh 

HO-OH 

CH,-OH 

OH, -OH 

OH, -OH 

Common enolic Frnctose. 
form. 

Fructose 

alternative 


enol. 


The change in presence of alkali is qualitatively proportionate 
to the strength of the alkali. It is of special interest in this con- 
nexion that pyridine has a similar effect to the other alkalis. In 
this case, as pyridine is such a weak alkali, the sugars were dis- 
solved in the base itself. Decolorisation of glucose took place 
initially in about fifty to sixty minutes, increasing to thirty 
minutes in about five hours, whereas with fructose the times were 
thirty minutes initially and eight minutes after six hours. 

This observation is quite in harmony with the important part 
which pyridine and quinoline have played in sugar chemistry as 
the media in which epimeric changes are effected, causing the re- 
arrangement of the groups attached to the asymmetric carbon atom 
at the end of the chain. Both in the interconversion of epimeric 
hexonio acids (E. Fischer, Ber., 1890, 23, 2625) and of epimeric 
glucosides (E. Fischer and von Mechel, Ber., 1916, 49, 2813; 1917, 
50, 711), formation of intermediate modifications must be involved, 

The alterations in structure which we have followed by the 
changes in reducing power are clearly in no -way related to those 
known as mutarotation. Whereas the former take place instant- 
aneously in the presence of acid, and more slowly in the presence 
of alkali, mutarotation is brought about immediately in the 
presence of alkali and more slowly in the presence of acid. 


Experimental. 

Reducing tests were made by withdrawing 10 c.c. of the sugar 
solution (generally 1 per cent., or 1/18 gram-molecule of hexose 
per litre, except when polarimetric comparisons were also made, m 
which case 5 per cent, solutions were used) into a stoppered test- 
tube and adding 2 c.c. of the standard permanganate or dye solu- 
tion; iV/lOO-potassium permanganate was invariably used, whilst 
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the dye solutions consisted respectivelv of a e-os') i 

tion of -%le--blue and a solution ^f neutraltdifo 
which contained 0-045 per cent, of indigotin In ^ • 

which it was d^ired simultaneously to neutralise the Lid oTlTkaU 
present, special solutions of il^/lOO-permanganate were emploS 
containing respectively the amount of sodium hydroxide w^of 
sulphuric acid per 2 c.c. necessary to neutralise the acid or alkal 
present in the 10 c.c. of sugar solution exactly 
The behaviour of permanganate with the sugar solutions varies 
considerably a^ording to the conditions studied; thus, acid fructose 
or mannose solutions pass simply from pink to clear white, S 
perfectly definite end-pointe are obtainable in these cases In 

other cases, generally those of slowly reducing acid media or of 
rapidly reducing neutral or alkaline solutions, the pink tint give 
place, wi h varying rapidity, to a very pale yellow, and ultimftely 
to the colourless, condition. A definite colour standard, just short 
0 colourless was adopted here, and sharp end-point; ^could be 
obtained without difficulty With slowly reducing neutral o 
weakly a kaline solutions, however, a precipitate of manganese 
ioxide of variable degree of fineness is apt to appear, and it is 
difficult to determine the precise point at which actual precinita- 
tion sets m; oases of this kind are denoted in the tables which 
follow by the addition of “indefinite” or "with pptn ” 

It is obvious that in the latter case the amount of reduction will 
no be so great as when the formation of the colourless manganous 
salt solution has occurred. In point of fact, whilst the 10 c.c of 
sugar solution employed has contained 0-1 gram (1 per cent, solu- 
tion) or 0-5 gram (5 per cent, solution) of hexose, the 2 c.c. of 
J /10U-permanganat«, assuming the action 

to occur, are capable of o.xidising 0-0009 gram of hexose if the 
reduction proceeds to the manganous state, or 0-00054 gram if the 
action IS arrested at the stage of manganese dioxide. 

In the extreme cases, therefore, we have measured the time of 

XikV°° t°t! present in the solution, 

list, on the other hand, we have dealt with the time of oxidation 

pressnr* ^ proportion as O'll per cent, or less of the sugar 

The stock solutions of sugars, and also the portions undergoing 
tests, were maintained at 25° throughout. 
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Neutral Solutions. 

The dye reagents are unaffected by any of the sugars tested in 
neutral solution. Under the conditions described, permanganate 
is decolorised by fructose in four or five hours, whilst with either 
form of glucose the solution becomes orange in about six houra 
and fades to a full yellow tint after twenty-four hours. The 
behaviour of mannose is very similar to that of glucose. These 
results are obtained equally with fresh solutions and those which 
have remained for a day at 25°. 

It may be of interest to state that if the test is conducted in 
iV/lO-sodiura chloride solution instead of in water, precipitation 
of manganese dioxide sets in at a much shorter time; the figures 
obtained for fructose, a-glucose, and mannose were respectively 
93, 90, and 115 minutes. 


Acid Solutions, 

(i) Aqueous Solutions . oxidation times are constant at any 
age of the solution in the case of acids. This is illustrated by the 
figures for fructose, a- and ^-glucose, and mannose given in table I 

The dependence of the time factor on the hydrion concentration 
is shown by the results in table II, wherein only the mean figures 
are quoted; it may be emphasised that the agreement of the 
individual readings at varying ages of the sugar solutions is in all 
cases as good as those given in extenso in tAble I. 

Two series of times are given for each sugar, the first being for 
the simple acid solution ; the second gives the values obtained when 
the test-solutions were neutralised simultaneously with the addition 
of permanganate. 

In the case of the higher concentrations of hydrogen ions investi- 
gated, neutralisation of the acid present, effected at the same time 
as the addition of permanganate, does not appreciably alter the 
oxidation times. 

At the lower concentrations of hydrogen ions, and notably with 
the weaker acids, such as phosphoric and acetic, the oxidation times 
for the "neutralised" solutions are quicker than for the acid solu- 
tions, and progressively so as the strength of the acid decreases. 

The identity of the oxidation times for "neutralised" and for 
acid solutions with the stronger acid solutions is quite definite, and 
we consider that they indicate the persistence of the active form 
of the sugar after neutralisation of the acid has taken place; the 
meaning of the results with neutralised solutions of weaker acids 
is by no means clear, although they are explicable to a certain 
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(xfcent when it is borne in mind that the sodium salts of the weaker 
^cids will be appreciably hydrolysed, so that we have really passed 
jver in this instance to a feebly alkaline solution of the sugar. 

The age of the solution is given in hours, the first reading 
;0‘1 hour) having been taken immediately solution was complete; 
n most instances, this reading was commenced about three to five 
niflutes after the addition of acid. The times of oxidation are in 
ninutes, unless an explicit statement to the contrary is added. 


Table I. 


One per cent. Sugars in iV^/lO-HCl and 


Fructose. o-Glucose. j8-GIucose. Mannose. 


Age. 

Acid. 

Neutd. 

Acid. 

Neutd. 

Acid. 

Neutd. 

Acid. 

Neutd. 

O'l 

17 

16 

29 

27 

30 

30 

13 

12 

I'O 

16 

17 

28 

29 

32 

30 

12 

13 

2-0 

17 

IS 

31 

28 

32 

27 

12 

12 

5*0 

16 

18 

29 


34 

29 

12 

17 

0-1 

31 

24 

52 

41 



_ 

25 

21 

1-0 

30 

26 

51 

43 

— 



23 

20 

2*0 

28 

22 

51 

42 

— 



22 

20 

5-0 

30 

26 

53 

48 

— 

— 

24 

21 


Table II. 

One per cent. Solutions of Fructose and a.- Glucose in Acids of 
Varying Strength. 


Hydrion 
concen- 
tration. Fructose. a-Glucose. 

Equivs. « . -- ~ 


Acid. 

per litre. 

Acid. 

Neutd. 

Acid. 

Neutd, 

.V/lO-HCl 

0«0910 

16 

17 

29 

28 

N'/10-H,SO, .... 

00660 

30 

24 

52 

43 

iV/50-Ha 

00188 

69 

62* 

118 

97* 

^^/50-H,S04 .... 

00160 

76 

75* 

124 

76* 

A^/lO-HjPO. .... 

0-0 130 

211 

84* 

238 

150* 

i^/lO CjH^O, .... 

0-0012 

280 

20* 

1,070 

65* 


* With precipitation. 

The hydrion concentrations are taken from data in Landolt and BOrnstein’a 
Physikalische-Chemische Tabellen.” 


(ii) Alcoholic Solutions. — Some observations were made in 
methyl* and ethyl -alcoholic hydrogen chloride solutions in view of 
the considerable amount of synthetic work which has been carried 
in these media. Concentrations of i\^/20'acid were employed 
in order to approximate to the 0*25 per cent, hydrogen chloride 
solutions which have most frequently been used by E. Fischer, 
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Irvine, and other workers with these reagents. Very similar results 
were obtained to those found in aqueous solutions. 

The methyl alcohol was distilled over lime and then over a little 
fructose, whilst the ethyl alcohol was twice distilled over lime and 
potassium permanganate. Ten c.c. of the neutral solvents caused 
precipitation in the permanganate test in six hours in the case of 
methyl, and in sixteen hours with ethyl, alcohol. N /20-Methyl, 
alcoholic hydrogen chloride, however, decolorised the permanganate 
in ninety-eight minutes, the time with N j 20-ethyl'alcoho!ic 
hydrogen chloride being fifty-six minutes. 


Table III. 


One per cent. Solutions of Fructose and a-Glucose in AhohoJk 
N/ 20-^f yr/royen Chloride, 


Solvent. 

2yr/20-Methyl-alcoholic hydrogen 
chloride 


N /20-E thyl -alcoholic hydrogen 

chloride 


Age. 

Fructose. 

a -Glucose. 

0-1 

7 

11 

20 

— 

16 

30 

17 

— 

240 

25 

120 

0-1 

6 

9 

2-0 

7 

20 

3-0 

8 

10 

24-0 

C 

n 


Alkaline Solutions. 


In alkaline solutions, it is also possible to utilise the reduction 
of the dyes indigo and methylene-blue j the former gives two fairly 
definite colour stages, passing from blue through green to a clear 
red, and then changing to pure yellow. The times occupied from 
the commencement of the test in reaching the standard red and 
yellow tints are given in the tables under the columns headed 
respectively “R” and "Y.” 

Methylene-blue fades to a colourless solution. In both cases, the 
dyes are restored by contact with air, and it was found desirable 
to fill the upper part of the test-tubes with an inert gas, hydrogen 
being employed. 

It was found that the stock alkaline sugar solutions, whether 
maintained under air or under hydrogen, behaved the same towards 
the three oxidising agents. 

The result of neutralising the alkaline sugar solution, when e 
latter has been freshly prepared, ia to cause a very marked retax - 
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jtion in reducing power, but after the alialine sob,H„„ i. 
remained for eome hours the reducing power after neutralisatbn 

rur3;s;rTur 

This shows that imtially the change induced by alkali is reversed 
on neutralisation, but the progressive alteration in beSrt 
somewhat obscure, although it may well be due to the 
of small amounts of decomposition products resulting 
profound disturbance of the sugar mEe ® 

It is evident, however, that the behaviour of neutralised elteV 
solutions is quite distinct from that of neutralised acid solui* 
so that it may be considered that the cause of the red,. • 
of the sugar is not the same in each c^e 

The subjoined tables give the full series of readings un te five 
hours for fructose, «- and glucose, and mannose in the pr^se^I! 
of one and of two equivalents of sodium hydroxide (table 
In table V are recorded he initial and final values (five hoursWor 
fructose and «-glucose with varying concentrations of sodiu^ hydr- 
oxide, and in table VI we quote similar data for these Zars in 
the presence of one equivalent of a number of aqueous alkX 


Correlation of the Reducing Action of the Sugars with Alteration, 
%n Optical Rotatory Power, 

CHI'"?**!! ^ a eonvenient polarimetrio reading in the 

f uctose and of ^glucose was examined in neutral, acid and 
alkaline media. The concentrations of the acid (iV/lOHClt and 

.1 a. .ik.li (jf;i8-N.OB), „d a, 

hme-tests, were otherwise maintained unaltered. The alteration 
m concentration of the sugars involved the determinatiot of ^ 
correspon mg times of reaction with permanganate and the dyes 
and the results of these and of the observation of optical rotaterv 
power are collected in table VII. ^ ^ 



1420 AEMSTBONO AWD HILDITOH t OONVMSIOK OF THE SIMPIJ 


IH.-4 O 




!g § ®m-ho«o 


S< . . ^®»0V5O ‘ 

I 




S-ooo*o 


II i I I 1 I 


09099 
la ® 'i* 


>; M 1 I I 2 £S=^ 


>: ^ 8 
^ t 4 i 

S^l I 


^ 2 SoooS o , ?9‘9 
^ ^ ^ 


^©oo9*r?“?‘?9‘? ^ pgj 

" “ s I lp;§Sg§§o«ooo 


'I § SSS9S 99909 

gpQ 


8 SS 8 S 991000 
> <bib» 6 »b»o 


• # * +- “5 

2o©o«<N 0,999 r •SSo©C '‘09 2S22£ 

3 »o6«66 6 :5 1 ©4 SS'f «? 999?? 

J to§* § ' 2 ® A 60 OW I 


< A A ©66 


• rtOKSOO ^9999 


,>;s 8 gsg §“SS" 

6 I AAAin «M«ei* 


" UgggSSSSSSS 


S,«©oo© ’????? 


si5>it«,tio» se* ixi. *' Ixi<i^Qriito end-iioint. 



One per cent. Solution, of Fructose and ^Glucose unth Varying Strengths of Sodium HydroMe. 
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Tabce VII. (contimced). 
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Ont “ptr cent. Solutions of Fructose and Glucose w Fyridint, 

In view of the interest attaching to the action of pyridine on 
the sugats, a few experiments were made with solutions of the two 
sugars in pure pyridine at 25°. 

The pyridine was twice distilled over lime before use and boiled 
at 116— 11 6‘ 5°. Ten ac. of the distilled pyridine caused no alter- 
ation in the blue tint of indigo or of methylene-blue (2 c.c. of the 
standard dye solutions) in twenty-four hours, but with 2 c.c. rf 
iV/lOO-permanganate a precipitate appeared in three hours. 

The 1 per cent, fructose and glucose solutions in pyridine were 
also without action on the dyes, but results analogous to those of 
the weaker alkalis were obtained with permanganate. These are 
given in table VIII, in which the age of the solutions is in hours 
and. the deoolorisation times in minutes, as usual. 


Table VIII. 


One per cent. Solutions of Fructose and of a-Glucose in Pyridine. 


Age. Fructose. 

0‘1 30 not quite colourless 

10 23 

20 17 

3*5 

4-2 12 

50 

6-0 8 


a -Glucose. 

56 with very fine preoipitatioD, 
40 „ „ „ 

i» It II »> 

30 „ „ ,, 


Comparative Experiments with Simple Aldehydes and Derivatives 
of Ethylene Oxide. 

Some experiments were made on the reducing action of aqueous 
solutions of acetaldehyde, n-butaldehyde, acetone, and epichloro- 
hydrin and ethylene oxide. In neutral 1/I8th gram-molecular 
solution all these substances, with the exception of acetone, caused 
the pink colour of the permanganate in our standard test to dis- 
appear within about two hours, but the resulting clear orange solu- 
tion underwent no further change in colour for many hours. In 
the case of acetone, the pink tint did not entirely vanish for several 
hours. 

The resulte of the permanganate tests in E / lO-hydrochloric acid 
solution are given in the next table ; in the case of ethylene oxide, 
the exact concentrations were not accurately known, but testa were 
made with two strengths, approximately gram-molecular per litre 
and l/18th gram-molecular per litre. 
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Substance. 
Acetaldehyde . 


Table IX, 

SoUiiom of ^Id^ydts and of Ethylene Oxide, 

^ il^-Hydrochloric Acid. 

Concn. -D 

•remianganate tests. 


per 
htre. Age. 
. Af/18 O'l 
DO 
30 


fti Neutriised. 

fli hrs. 7 "‘h PPto. 

2 hra. ;; 10 ;; 


n-Butaldehyde ... JI//18 0-1 3i hr. p«i. „.ii . 

1-0 24 to R ’"■‘h PPta- 

:: lo ” 

.. 10 " 


nra. 

2D0 2i hrs. 


Epichlorohydrin 


Ethylene oxide 


lf/18 

0-1 

140 


D6 

120 


4-3 

90 


240 

120 

Af/18 

oa 

103 


DO 

132 


3-0 

130 


230 

110 

M 

O'l 

8] 


DO 

12 


2-0 

17 


6*0 

16 


230 

15 


82 minutes, 

3 a :: 

32 

80 minutes. 

It - 

SO 

20 „ 

10 minutes. 

11 :: 

u :: 


Table X illustrates the data obtained in Nl\S an.ier,,,, .^ a - 
hjroxide; with both aldehydes, acetone, and epiehlorohydrifand 
ethylene oxide, indigo passed rapidly through green to a nale vellnw 
Jur, and the original blue tint could no! hi restored by shai nl 
he yellow solution with air. It appears, therefore, that soa! 

digo white, and the colour test is not valid in this instance. 


Table X. 


Solutions of Aldehydes and of Ethylene Oxides in "^jl^odium 
Hydroxide, 

Permanganate. 


Concn. 


Substance. 

Acetaldehyde 


per 

litre. 

3f/18 


* Precipitation aet i 


Age. 

01 

DO 

3-5 

60 

230 


Methylene- 

blue. 

eot 

32t 

23t 

35t 


Alkaline. 

11 * 

6 * 

16 * 

16 * 

6 * 


t Indefinite end-point,' 


Neutralised. 

11 * 

60 
30 
18 
1 
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Table X. {continued). 

' SolutioM of Aldehydes and of Ethylene Oxides in 
Hydroxide. 



Concn. 



Permanganate. 


per 


Methylene. 



Substance. 

litre. 

Age. 

blue. 

Alkaline. 

Neutralised. 

n-6uta1dehyde 

Af/18 

0-1 

39t 

8* 

8* 



1*0 

20 

5* 

8* 



3-6 

14 

7* 

7* 



S-0 

12 

8* 

8 



230 

13 

10* 

2 

Acetone 

Af/18 

o-n 






1«3 


Pale green, 

hi 10 hours, 



3-3 

^ Permanent. 

then 

precipitation, 



5>3 


turbid 

butfitil] 



23-oJ 


yellow. 

pink. 

Epichlorohydrin 

itf/18 

0-1 

Permanent. 

113* 

207 



1-5 


100* . 

140 



4-3 


95* 

116 



24-0 

» 

80* 

110 

Ethylene oxide 

Jlf/18 

01 

Permanent. 

245t 

352 



10 


236t 

350' 



30 


220t 

340 



23*0 


174t 

320 


M 

01 

Permanent. 

76t 

87 



1-0 


77t 

84 



20 


71 

88 



50 


65 

77 



23*0 


19* 

53 

* Precipitation set in. 

t Indefinite end-point. 


The most interesting points in this series of experiments are: 

(i) The alkaline solutions of the aldehydes reduce methylene 
blue similarly to the sugars, and there is some similarity in thei: 
behaviour to alkaline permanganate. 

(ii) The ethylene oxide derivatives show no similarity to thi 
sugars in alkaline solution, either with respect to permanganate oi 
to methylene-blue. 

(iii) On the other hand, the acid solutions of the ethylene oxidi 
compounds display great likeness to those of acid sugar solutions 
both in the “ acid and “ neutralised ’’ permanganate tests. 

Warbikoton, [Reteived^ Eovemher 3-1 
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CXXXIV. — The Constitution of the Nitropruesides* 
Part L Conductivity and Cryoscopic Measurements. 


By George Joseph Burrows and Eustace Ebenezer Turner. 


From time to time, the nitroprussides have been made the subject 
of considerable speculation, but little attempt has been made to 
verify experimentally the various constitutions assigned to them. 

Hofmann, who is responsible for most of the experimental work 
in this field {Annal^n^ 1900, 312, 1), assigned to sodium nitro- 
prusside the co-ordination formula [Fe(CN) 5 NO]Na 2 . Friend (T., 
1916, 109, 721), apparently without further experimental work’ 
proposed for potassium nitroprusside the formula (I). 


/f\ 

KCNI,- -CN 

I Fe I 

KCNI NO 


/?\ 

ON ! CNK 
I ^Fe I 
NO I CNK 

\cn/ 


(I.) 


/ 


Fe^ 


n:c^n 


\ ^c:nk 
N'C<(i);NK 
in.) 


This formula corresponds with the empirical one given in works 
of reference (for example, Moissan, '^Traite de chimie minerale,” 
1905 , 417), which formula, however, seems never to have had any 
evidence in its favour. 

Friend at the same time rejected the formula (II) suggested by 
Browning (T., 1900, 77, 1238) for potassium nitroprusside, in view 
of his theory as to the constitution of the ferrocyanides, which 
theory has since been shown to he unnecessary (Bennett, T., 1917, 
in, 490). 

It was suggested by one of us (T., 1916, 109, 1130) that a deter- 
mination of the molecular weights of some nitroprussides would 
throw light on the problem, and, as a result, a number of nitro- 
prussides have been prepared and investigated cryoscopically and 
their conductivities measured. From the results so obtained, the 
number of ions present in a solution of a nitroprusside has been 
calculated, and conclusions have been drawn as to the molecular 
weights of the salts in question. In these experiments, the degree 
of dissociation of the salt at any particular dilution was found in 
the usual way by dividing the molecular conductivity at that dilu- 
tion hy its value at infinite dilution. From cryoscopic measure- 
inents, the molecular depression of the freezing point of water was 
found for various concent rat ions of the salt, and by dividing this 
number by 187 (the molecular constant for water), the value for 
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% (the van’b Hoff coefficient) was obtained. The number of ions 
k, into which each molecule of the salt dissociates was then obtained 
by substituting the experimental values of a and i in the equation 

A similar method was used by Petersen {Zeiisch. physikal, 
Chem,, 1902, 39, 249) in connexion with the cobalt amminea. This 
author was of the opinion that the conclusions drawn by Werner 
(Zeiisch. physikal. Chem., 1893, 12, 35, etc.) from measurements 
of the molecular conductivity at a dilution of 1000 litres (not 
necessarily at infinite dilution) were in most cases inaccurate. 

The figures given by Jones (Carnegie Institute of Washington 
Publication No. 170) for the molecular conductivities of a large 
number of salts show that most salts are completely dissociated at 
dilutions of about 1000 litres. In some cases, however, the mole- 
cular conductivity again increases beyond that dilution, owing fco 
causes other than dissociation. Prom the figures given Ipy Petersen 
(loc. cit.) for the conductivity of the cobaltammines, it would 
appear that similar difficulties arose in his work. 

In the present investigation, the substances considered are salts 
of a strong acid. (This has been fodnd to be the case from a pre- 
liminary examination of the molecular conductivity of nitroprusaic 
acid itself.) The conductivities of the salts were determined for 
solutions diluted to 2048 litres, and the values were plotted agaiast 
the concentrations. The value for infinite dilution was found ty 
extrapolation from the curve so obtained. In all cases, the value 
of differs only slightly from the value actually found for 
p, 024 , a result which was expected from the nature of the salts in 
question. 

In the following tables are given the values of k calculated on 
the assumption that the nitroprussides are represented by the 
simple formula M 2 '[Fe(CN) 5 NO], which will be referred to in 
future as type I. In addition, the value of has been calcu- 
lated in each case for a molecule, M 4 '[Feo(CN)iy(NO) 2 l (type II). 

In the case of a univalent cation, a molecule of type I will 
dissociate into three ions, type II giving five ions. The value of 
k should therefore approximate to 3 if formula I is correct, whilst 
if II is correct, In the same way, a salt of a bivalent cation 

should give the values k~2 or A| = 3. 

It is considered that the results obtained show conclusively that 
all the nitroprussides examined conform to the simple formula 
(type I). They are salts of H2[Fe(CN)5N01, and not of 
H,[Fe,(CN).„(NO),]. 

The possible effect due to hydration of the ions has nob been over- 
looked (compare clones, Carnegie Inttitute of Washington, Puhli- 
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catiofi> No. 180), and it is considered that the conclusions drawn 
from the figures obtained in the present work cannot be regarded 
as vitiated on this ground. Whereas hydrate formation may 
account for the differences between the experimental and absolute 
values of A, the extremely large differences in the case of ki cannot 
be accounted for in this way. 

It is hoped in a future communication to describe the alkyl 
nitroprussidea, some of which have been prepared, although in an 
impure state only. 

E XP ER I MENTAL, 

The conductivity measurements were all made at 25-0°. The 
degree of dissociation of salts at 0“^ differs only slightly from that 
at 25^^, and the latter temperature allows of greater accuracy in 
determining the conductivity. In the following tables, v is the 
number of litres containing one gram-molecule of the salt (calcu- 
lated for the simple formula I), ^ is the molecular conductivity, 
a is the degree of dissociation and is equal to , A« is the 

observed depression of the freezing point of water, if A* is the 
molecular depression and is equal to x At x 10, i is the van't Hoff 
coefficient and is equal to ifAt/18*7, and Jc is the number of ions 
into which a molecule dissociates, and is obtained from the equation 
j = is the corresponding value of k calculated for 

a molecule of type II by doubling i and then substituting in the 
equation 4- (Ajj — l)a. 

The values of a in the cryoscopic tables are taken from the 
curves obtained from conductivity data. 


Sodium Nitroprusside, Na2[Ee(CN)5N0],2H20. 
The salt used was a pure specimen. 



Conductivity Measurement. 


V. 

M* 

o. 

4 

155-2 

0-63 

8 

169-4 

0-69 

16 

181-8 

0-74 

32 

194-3 

0-79 

64 

204-9 

0-84 

128 

214-2 

0-87 

266 

222-0 

0-91 

512 

229-2 

0-94 

1024 

236-2 

0-96 

2048 

244-6 

— 

00 

245-0 

— 
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Cryoscofic M easuremcnts. 


l» 

a,. 

MLt, 

47-1 

0*115 

64-1 

244 

0*218 

63-2 

14*65 

0*346 

60*2 

10-81 

0-466 

49*3 

8-76 

0-660 

49-1 

7-12 

0-678 

48-3 


Type I requires k=Z. 


i. 

a=>t,/Moo- 

Jk. 

2-90 

0*81 

3*35 

2*84 

0*77 

3*40 

2-68 

0*73 

3*30 

2*64 

0*71 

3-30 

2-62 

0*70 

3*31 

2-68 

0*68 

3*32 


Type II requires fci=5- 




7-1 

7-0 

7-0 

70 

7*1 


Potassium Niiroprusside, K2[Fe(CN)5NO]. 

This salt was prepared by decomposing the barium salt with the 
calculated weight of pure potassium sulphate, filtering off the 
barium sulphate, and evaporating the filtrate at a low temperature 
under diminished pressure. The residue so obtained was crystal- 
lised from aqueous alcohol containing about 95 per cent, of alcohol 
It crystallises in pale pink crystals without water of crystallisation: 

0*4010 gave 0*1076 Fe^O^. Fe = 18*8. 

CsONgFeKg requires Fe=19*0 per cent. 


Conductivity Measurements. 


V, 

8 

16 

32 

64 

128 

266 

512 

1024 

2048 

cc 


M* 

a. 

199*2 

0*745 

205-2 

0-795 

215-7 

0-836 

227-2 

0-881 

236*6 

0*917 

244*0 

0-946 

249*3 

0*966 

257*0 

0*996 

258* 1 

— 

258*0 

— 


Cryoscopic Measurements. 


V. 

A(. 

3/a,. 

34*4 

0*150 

51*6 

24*1 

0-213 

51*3 

14*66 

0316 

46*3 

11*66 

0*405 

47-2 

7*02 

0-641 

45*0 

4*78 

0-909 

43*4 


i. 

U— #*f/Moo* 

k. 

2-76 

0*85 

3*07 

2*74 

0*82 

3*12 

2*48 

0*79 

2*87 

2-62 

0*77 

3*00 

2*41 

0-74 

2*91 

2*32 

0*71 

2*86 


Type I requires *=*3. Type U requires 6. 


K 

6-32 

6-4(i 

6'01 

6*25 

616 

6dl 


Barium Pfiiroprusside, Ba[Fe(CN)5N01,3Ha0. 

This salt was prepared by precipitating a solution 

..1. ..d boilm* th. i 

a si»p«i«ion of precipitated banum ! _ure 

UOB c7 the barium «lt wae evaporated under thmm.shed pres*ur 
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a low temperature, and the salt crystallised from aqueous 
alcohol : 

0-8344 gave 0'4734 BaSO^. Ba=33-4. 

CsONeBaPejSHgO requires Ba = 33-7 per cent. 

The anhydrous salt was found to be extremely hygroscopic. 


Conductivity Mectsuvements, 



u. 


M- 

a. 



8 


152-9 

0-63 



16 


165-9 

0-68 



32 


177-1 

0-73 



64 


190-7 

0-79 



128 


203-0 

0-84 



256 


216-2 

0-89 



512 


223-6 

0-92 



1024 


236-9 

0-98 



2048 


240-5 




00 


243-0 

— 




Cryoscoyic Meamrements. 



V. 


Ma,. 


k. 


37-7 

0-093 

35-1 

1-88 0-74 

2-19 

4-73 

16-5 

0-180 

29-7 

1-59 0-68 

I -87 

4-21 

9-87 

0-285 

28-1 

1-50 0-64 

1-78 

4-13 

6-67 

0-413 

27-6 

1-47 0-61 

1-77 

4-18 

4-73 

0-675 

27-2 

1-45 0-69 

1-76 

4-22 


Type I requires Jt = 

2, Type II requires i:j=3. 



This salt is of especial interest, owing to the rough equality in 
weights of the anion and cation. 


Ammonium Nitroyrusside, (NH 4 ) 2 [Fe(CN) 5 NO]. 

This salt was obtained by decomposing the barium salt with an 
equivalent weight of ammonium sulphate, filtering, evaporating 
under diminished pressure, and crystallising from aqueous alcohol, 
when reddish plates, very readily soluble in water, were obtained : 

0-2390 gave 0-0768 Fe^Og. Fe = 22-5. 

C 50 N^e(NH 4)2 requires Fe = 22*2 per cent. 


Conductivity UtamTtmcnU, 


V, 

M. 

a. 

16 

206-7 

0-77 

32 

218-0 

0-82 

64 

228-5 

0-85 

128 

236-7 

0-89 

256 

246-6 

0-92 

612 

261-2 

0-94 

1024 

261-3 

0-98 

2048 

266-2 


00 

268-0 

— 
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Cfi/oscopic Measurements. 


V. 

a,. 


t. 


k. 

K 

26-3 

0*214 

66*4 

3*01 

0-80 

3*61 

7*27 

10*73 

0*460 

48*3 

2*68 

0-74 

3*14 

6*62 

6-68 

0*704 

47*0 

2*61 

0*69 

3*19 

6*83 


Type 1 1 

requires 

= 3. Type II requires fej** 6. 



Methylammonium Nitroprussidc, (MeKH3)2[Fe(CN)5NO]. 

Tliis salt and the nitroprussides of di- and tri-methylamine were 
obtained by treating a solution of the free acid (obtained from 
the barium salt and the calculated sulphuric acid) with a alight 
excess of an alcoholic solution of the amine. The solution so 
obtained was evaporated under diminished pressure, and the solid 
residue crystallised from alcohol. The alkylammonium nitro- 
prussidea crystallise in reddish plates, which are very readily soluble 
in water. In appearance they resemble the barium or ammoaiimi 
salts: 

0*1117 gave 0*0306 Fe^Os. Fe = 19*2, 

C 50 NgFe(MeNH 3)2 requires Fe = 20’0 per cent. 


Cond uclivity Mcasure7ncnU. 


V. fi. 0. 



32 


185*2 


0*77 



64 


197*7 


0*82 



128 


2080 


0*87 



256 


218*5 


0*91 



512 


226*8 


0-94 



1024 


233*4 


0*97 



CO 


240*0 


— 




Cryoscopic Measurements. 



V. 

At. 

UAt. 

i. 


k. 

k,. 

36*6 

0-148 

64*2 

2*90 

0*78 

3*45 

7*2 

19-05 

0*262 

49*9 

2*67 

0*71 

3*35 

7*i 

14-15 

0*339 

48*0 

2*57 

0*68 

3*31 

7*1 

10*13 

0-466 

47*2 

2*52 

0*62 

3*46 

7*6 

8*35 

0*541 

45*2 

2*42 

0*69 

3*41 

7*5 


I requires 3. Typo 11 roquiros ki =* 5. 


Dmethylammonium Niiroprusside, (Me2NH2)£[Pe(CN)5NO]. 

0*1028 gave 0*0272 FejOa- Fe=18'6. 

CjONeFe(Me2NH2)2 requiree Fe = 181 per cent. 
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Conductivity MeamrcmcnU. 


i6 

32 

64 

128 

256 

512- 

1024 

2048 


M- 

156-5 

172-1 

185-2 

196-3 

205-8 

212-5 

220-2 

227-3 

230-0 


a. 

0-68 

0-75 

0-81 

0-8,5 

0-90 

0-92 

0-96 


Cryoscopic Measurements. 


V. 


MAt. 

i. 

a=M.-/M<3o. 

ft. 

ftj. 

35-2 

0-149 

52-4 

2-80 

0-76 

3-37 

7-05 

16-4 

0-294 

48-1 

2-57 

0-68 

3-31 

7-09 

8-84 

0-500 

44-2 

2-36 

0-61 

3-23 

7-10 

5-92 

0-714 

42-3 

2-26 

0-57 

3-21 

7-20 


Type I requires ft = 3. Type 11 roqiiirea = 5. 


Trimethylammomum jV{troprussid.e, (Me ^NH ). 2 [Fe(CN ]. 
0-2234 gave 0'0512 1 ^ 6 - 203 . Fe — 16*0. 

C 50 NQFe(Me 3 NH )3 requires Fe = 16’7 per cent. 


Conductivity Measurements. 


V. 


a. 

16 

137-1 

0-65 

32 

154-0 

0-73 

64 

1673 

0-80 

128 

183-0 

0-86 

256 

191-7 

0-90 

512 

201-1 

0-95 

1024 

208-0 

0-98 

2048 

210-5 

— 

00 

212-0 

— 




Cryoscopic Measurements, 



V. 


i' 

a=M»/Moo* 

ft. 

fci* 

39-0 

0-134 

52-2 2-79 

0-75 

3-39 

7-11 

U-47 

0-290 

42-0 2-24 

0-63 

2-97 

6-52 

6-56 

0-588 

38-6 2-06 

0-50 

3-12 

7-24 


Type I requires ft= 3. Type II reqxiirea 6. 

The TJNrvERSiiry Chemical Laboratories, 

Sydney. [Keceiwei, Hovemher l5^, 1919.] 


3 H 
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CXXXV. The Propagation of Flame in Complex 

Gaseous Mixtures. Parti. Limit Mixtures and the 
Uniform Movement of Flame in such Mixtures. 


By William Pavman. 


In order that flame may propagate through a mixture of aa in. 
flammable gas with air or oxygen, the heat developed by a given 
" layer” on burning must be sufflcient to raise the contiguous layer 
of unburnt gas to its ignition temperature. In a “ limit mij- 
ture ” there is just sufficient, and only just sufficient, heat developed 
to accomplish this. If limit mixtures of two or more inflammaMe 
-ases be mi.xed together, this heat balance should remain no- 
Altered provided that all of the limit mixtures are of the same 
kind that is to say, all lower-limit or all upper-limit mixtures. 
It follows that all mixtures, in any proportions, of limit mixtures 
should remain limit mixtures, the limiting percentage being that 
of the mixed inflammable gas. Conversely, any limit mixture of 
a complex inflammable gas will consist of a number of limit 
mi.xtures of the individual gases it contains. 

Assuming this reasoning to be correct, imagine a limit mixture 
with air of a complex inflammable gas. Let A, B, C, , . . be 
the simple constituents of this inflammable gas, and their limits of 
inflammability, -V.., Pc, ■ ■ • respectively. Suppose also that 
the complex limit mixture contains a per cent, of A, (> per cen. 
of B, c per cent, of C, . . ■ Then this limit mixture will couta 

uA^hB + cC^ . . ■ -i[100-(a-hi-i c+ • • •)]“• 


This limit mixture, ex hyfothesi, comprises a series of liinit mix- 
tures of the simple inflammable gases. In such a simple im 
mixture of .4, for example, every .Y. parU of -1 are assccij 
with 100 -.V.i parts of air, so that every o parts of A are associate 

with parts of air. Similarly, for B, • 

The complex limit mixture will therefore contain 

Since these terms are expressed as percentages, they will toge 
equal 100, so that 
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This expressioa, on simplification, becomes 


a 

m: 



= 1 , 


This is the formula of Le Chatelier, which has been shown to 
jipply accurately for both the upper and lower limits of inflamma- 
bility of a number of complex gaseous mixtures with air (Coward, 
Carpenter, and Payman, this vol., p. 27), 

This “ formula," but nob the generalisation from which it has 
been deduced, applies only to mixtures of inflammable gases with 
an atmosphere of constant composition, such as air. For the 
numerical quantities involved in the formula relate to the com- 
bustible gases only, and admit of no allowance being made for 
variations in the proportions of inert gas present. The general- 
isation, however, should hold good for all limit mixtures; for 
mixtures in which the proportion of inert gas is greater or less 
than in air, or even in which its proportion is not constant.* 

The effect of an inert gas (nitrogen) on the limits of inflamma- 
))ility of methane has been investigated by Burgess and Wheeler 
(T., 1914, 105, 2596), who determined the limits for this gas in 
several artificial atmospheres of oxygen and nitrogen containing 
less oxygen than air. During the course of the present inquiry 
into the mode of combustion of mixed gases, it became necessary 
to extend their work to include atmospheres containing more 
oxygen than air, and pure oxygen. 

The method of experiment used by Burgess and Wheeler, which 
involved the central ignition of the mixtures in a large globe, was 
not employed in the present research. This investigation is mainly 
Goacenied with the uniform movement of flame, and the deter- 
minations of the limits were made in the same apparatus as was 
used for measuring the speed- of propagation of flame. This con- 
sisted of a horizontal glass tube 2 5 cm. in diameter, open at one 
“lid and closed at the other, the mixtures being ignited close to 
the open end of the tube by means of an electric spark. The 
:;riterion of inflammability was, therefore, the horizontal propaga- 
tion of flame throughout the length of the tube. 

The determinations were carried out by the method of trial and 
error, using mixtures which differed in composition by about 
O'lO per cent, of methane. Throughout this paper, the term 
■limit mixture," whether upper or lower, implies that mixture in 
which flame was just able to propagate. 

The results of the determinations are given in table T. The 
limits were always sharply defined. On sparking a mixture con- 


This will be described in future as the “limits generalisation.’* 

3 H 2 



1438 


payman: the propagation of flame in 


taining a little less than the lower-limit percentage of inflammable 
gas, there usually arose a ball of flame which travelled some 5 or 
6 cm. along the tube. A mixture containing slightly more in 
flammable gas than the higher-limit percentage usually produced 
a flame which travelled the short distance from the spark to tb® 
open end of the tube, owing to the dilution of the mixture there 
by diffusion of the outside air. In the limit mixtures, flame 
travelled steadily and at an approximately uniform speed through- 
out the length of the tube. 

In no instance did the flame of the burning limit mixture fill 
the whole cross-section of the tube, but it was usually similar to 
the trailing flames described by Burgess and Wheeler (T., 1914 
105 , 2593 ). This was most marked with the upper-limit mixtures 
and with the lower-limit mixture of methane in pure oxygen 
These flames were about 10 mm. in diameter and about 15 uun 
long, and had a short tail, resembling a “ Prince Rupert's drop" 
in shape. 

In three instances the deposition of carbon was noticed duriiiu 
the passage of flame through a limit mixture, namely, in the upper- 
limit mixtures of methane with atmospheres containing 50 , 66 
and 100 per cent, of oxygen.* The flames resembled that of a 
tallow candle, and the odour of the residual gases was similar to 
that caused by the smouldering wick of such a candle. In general 
the upper-limit flames were olive-green in colour. The colour of 
the lower-limit flames was pale blue. 


Table I. 


The 1y\miU of 1 nfiammahilitfi of Methane in MLrtures of 
Oxygen and Nitrogen. 


Percentage 
of oxygen in 
atmosphere. 


Percentage composition of limit mixtures. 

Lower limit. Upper limit . 


CHv 

0.. 

N,. 

CH 4 . 

0,. 

N, 

13>7 

C-4 

12-8 

80-8 

6-9 

12‘7 

80-i 

170 

01 

160 

77-9 

8-9 

15-5 

75-6 

21-0 (air) 

5-8 

198 

74*4 

13-3 

18-2 

68-5 

330 

5-8 

31-4 

62-8 

251 

25-0 

49-9 

60-0 

5-8 

47-1 

47-1 

388 

30-6 

30-6 

660 

5-8 

02-8 

31-4 

47-5 

35-0 

17-5 

100-0 

5-7 

94-2 

— 

59-2 

40‘S 



• According to Bono {PhU. Trans., 1915, 215, 275), when methane acd 
oxygen mixtures are exploded under pressure, “ there is a total ccssatioa 0 
any separation of carbon (which is very marked with mixtures 2CH4 -h Oj) 
after the proportion of oxygen in the original mixture exceeds 
3 CH 4 -P 20t.” No carbon was deposited when a mixture contaiiung 59 3 per 
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The results are plotted in the diagram, the ordinates represent- 
ing percentages of methane and the abscissae percentages of oxygen 
in the limit mixtures. ® 

If the limits of generalisation ’ given earlier in this paper 
applies to these mixtures, the values for each of the two sets of 
limits should lie on a straight line. It will be seen that this holds 
accurately, over a large range of mixtures, namely, over those con- 
taining more than about 17 per cent, of oxygen.* Mixtures con- 
taining less than this amount of oxygen require rather more 
jnethane than the theoretical quantities to attain both- the upper 
and lower limits. 



The dotted lines in the diagram represent the values obtained 
by Burgess and Wheeler {loc. cit.). The shapes of both curves are 


cent, of methane and 40-7 per cent, of oxygen was exploded under a pressure 
of 12-7 atmospheres. 


In the present series of experiments, at atmospheric pressure, a mixture 
of approximately the same composition as that used by Bone (59-2 per cent, 
of methane and 40*8 per cent, of oxygen) deposited carbon, as did also 
mixtures containing less oxygen in proportion to the methane present, 
namely, those intermediate in composition between 3CH4 4-20g and CH^-f Og. 
It would therefore appear that the limiting composition at which the deposi- 
tion of carbon ceases is not fixed, but varies with the initial pressure of the 
mixture. 


According to Burgess and Wheoler {loc. cit,), no mixture of methane, 
^^ygen, and nitrogen is capable of propagating flame when there is less than 
P-bout 13 per cent, of oxygen present. 
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similar, the difference in magnitude being due to the difference in 
experimental conditions. 

Little change was observed in the lower limit until the mixtiires 
contained a large excess of nitrogen; whilst the value with pure 
oxy^^en was only slightly lower than that with air. The Utter 
observation is not in agreement with the results recorded by Parker 
(T., 1914, 105, 1002), who found the lower limit of inflammability 
of methane to' be slightly higher with oxygen than with air (6’() 
per cent, and 5*8 per cent, respectively). The apparatus used by 
Parker was similar to that previously used by Burgess and 
Wheeler, namely, a 2-litre globe in which the mixtures were igniy 
at the centre. 

This lack of agreement is uncloubtealy due to the difference in 
the position of the point of ignition in the two sets of experimmts. 
It has frequently been noted that the limits of inflammability vary 
with the position of the point of ignition according as the flame 
has to pass upwards or downwards through the gas mixture. The 
fact that a flame will pass more readily upwards than downwards 
is well illustrated when a lower-limit mixture of methane in air, 
f6r example, is ignited by a spark at the centre of a globe. As 
soon as the spark passes.” a flame shoots to the top of the vessel, 
bends over, and then moves slowly downwards to the bottom, 

In order to investigate this point further, a series of experimrati 
was carried out to determine quantitatively the effect of varvinr 
the point of ignition on the limits of inflammability of methasi 
in air and in oxygen. A glas.s tube 2'5 cm, in diameter was used, 
closed at one end and fitted with firing points at the other (open 
end. 

Tablf. II. 

I.fmits of Ir,ftnn,„wh,Uty of Methaoo Tiffferenl 

of the Poinf of Jffnition. 

PercentAge of methane in 
loTTer-limit mixture. 


Mode of jirfApncation. 

Upward 

Horizontal 

Downward 

Central ipnition (Parker),.. 


Both for upward and horirontel propagation the 
inflammabUity of methane is less n oxygen ^an^- ^ 

downward propagation, however, i^rge to le 

differences observed are not very ^ . {actors whiclui*'' 

accounted for by experimental error. infiammable gas. 

mine the value of the limiLmg percentage of .nflamma 
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transference of heat by convection and the absorption of heat by 
the mixture may be mutually opposed. During the downward 
propagation of flame, convection does not materially affect the 
transference of heat to unburnt layers of the mixture; the influence 
of the slightly higher specific heat of oxygen as compared with 
that of nitrogen therefore becomes apparent. With horizontal 
and upward propagation of flame, however, the influence of con- 
vection currents masks the effect of the higher specific heat of 
oxygen. 

The change of order of the results, dependent on the direction 
of travel of the flame, is more marked when the results for methane 
in air are compared with those for hydrogen. Such a comparison 
is made in table III. 

Table III. 


lower JAmiU of Infiammahility in Air of Methane and of 
Hydrogen. 


Mode of propagation. 

Upward 

Horizontal 

Downward 

Central ignition 


Percentage of infiam- 
mablo gas k 

' '■ ^ 13 ^ 

Methane. Hydrogen. 
5'0 4-2 

5- 9 6-2 

6- 1 9-7 

5’8 9-2 


Attempts have been made to calculate the limits of inflamma- 
bility of a gas from its thermal constants. It will be clear from 
a consideration of the results recorded in table III that any such 
calculation is doomed to failure unless allowance can be made for 
fche influence of convection currents. 

Since the lower limit of inflammability of methane (downward 
propagation of flame) is less with air than with oxygen, it might 
be expected to be less still with an atmosphere containing less 
oxygen than air. This, however, is not so. The lower limit of 
inflammability of methane in an atmosphere containing 17 per 
cent, of oxygen was found to be 6‘3 per cent, for downward pro- 
pagation of flame. This limit is thus affected in the same sense 
as both limits for horizontal propagation in mixtures containing 
only a small percentage of oxygen ; that is to say, more methane is 
required to form the limit mixture than would be expected from 
results with mixtures richer in oxygen, 

[: This displacement of the range of inflammability corresponds 
^iih the displacement of the range for maximum speed of uniform 
movement of flame in mixtures of methane and air. It has been 
piierally assumed that the latter displacement is due to the higher 
permal conductivity of methane as compared with that of air. A 
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similar displacement is found, however, when the inflammable gas 
has a thermal conductivity less than that of air, as will be shown 
in a subsequent communication. The displacement under con- 
sideration in the present paper, and other similar displacements, 
have one feature in common, namely, that the mixtures contain 
a large proportion of inert gas (nitrogen), together with only a 
slight excess of one or other of the reacting gases above the quantity 
required for complete combustion. 

A possible explanation of the results is that the mode of com- 
bustion in such mixtures differs from that in mixtures containing 
a large excess of either of the reacting gases. Such an explanation 
is supported by the analyses of the flame gases recorded by 
Burgess and Wheeler in the paper to which reference has already 
been made. The samples of gas were rapidly snatched from tic 
flames in such a manner as to cool the primary products of com- 
bustion before secondary reactions could come into play. It will 
be seen on examining the table of analyses (p. 2604) that all mix- 
tures containing less than lo per cent, of oxygen appear to be 
influenced by the deficiency of reacting gas (whether methane or 
oxygen), and it is in these mixtures that the generalisation regard- 
ing limiting percentages no longer holds. With the upper-limit 
mfxtures of low oxygen content, the primary products of combus- 
tion contain smaller quantities of hydrogen than of carbon mon- 
oxide, whereas with the higher-limit mixtures containing a greater 
proportion of oxygen, the quantities of hydrogen and carbon mon- 
oxide produced are equal. 

Similarly with the lower-limit mixtures of low oxygen content, 
the primary products of combustion contain more carbon monoxide 
than hydrogen, whilst with lower-limit mixtures containing more 
than 15 per cent, of oxygen these gases are absent altogether from 
the products of combustion. Further consideration of these results 
is reserved for a future communication, as is also the consideration 
of the displacement of the range for maximum speed of uniform 
movement of flame in mixtures of air with inflammable gases, 


The Uniform Movement of FInme in Limit Mixtures. 

The speed of horizontal propagation of flame in the limit mix- 
tures in a tube 2-o cm, in diameter was determined by the method 
described by feeler (T.. 1914. 106 , 2606). The results 
given in table IV . 
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Tabi,e IV. 


Speed of Propagation of Flame in Umit Mi^turee of Methane 
Oxygen, and Nitrogen m a Tube 2-5 cm. in Diameter. ’ 


Percentage of 
oxygen in atmos- 

Speed in 

phere. 

Lower limit. 

13‘7 

21-9 

17-0 

22-4 

21*0 (air) 

2,3*3 

33-0 

23-0 

50-0 

22-8 

66-0 

21*3 

100*0 

19*9 


Upper limit. 
19-1 
19*0 
19*1 
18'9 

18- 9 

19- 4 
18-9 


The upper-limit speeds are identical within the range of experi 
mental error. The speeds in the lower-limit mixtures are through- 
out slightly higher than the corresponding upper-limit speeds 
although with pure oxygen the difference is very small. A notice- 
able feature of these flames, common to them all, was their small 
size in comparison with the diameter of the tube. This was more 
marked with the fames in the upper-limit than in the lower-limit 
mixtures, a fact which no doubt accounts for the slower speed of 
the former flames. For the smaller the flame, the greater is its 
surface in proportion to its volume, and the greater in proportion 
IS the transference of heat from the flame to the walls of the tube. 
If this explanation be correct, it follows that the speeds of flames 
in limit mixtures should increase with increased diameter of the 
tube in which they travel. This was found to be so by Mason 
and Wheeler (T., 1917, 111 , 1052). 

With tubes of very small diameter, on tbe other hand, the speed 
of flame at the limits is comparatively high (Payinan and Wheeler, 
1918, 113 , 656), but for another reason. With such tubes, the 
cooling effect of the walls is so great as to have a marked effect on 
the value of the limits, the range of inflammability of the mixtures 
rapidly narrowing as the diameter of the tube is diminished. 
Moreover, convection currents have no appreciable influence in 
tubes of such small diameter. 

It seemed probable that the speed of flame in a limit mixture, 
determined under standard conditions, should approach a constant 
value irrespective of the nature of the inflammable gas. To test 
this,^ the speeds of flame have been determined in limit mixtures 
of air with several of the paraffin hydrocarbons. The results are 
given in table V, which is of value also in recording the limits of 
inflammability (horizontal propagation of flame). 

The limits differ slightly from those found (central ignition in 

3 H* 
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a large globe) by Burgess and Wheeler, whose results are inserted 
in the table in brackets. 

In the upper-limit mixtures the flames vibrated rapidly about 
half-way along the tube, and were sometimes extinguished ther 
The difference between a limit mixture and one which could ok] 
propagate flame for a short distance, if at all, was, however H’eil 
marked. 

Table V. 

LimiU of Infiammahility and lAmitiny Speeds of Flavie. 
Miiriures of Air vith ihe Parnfjin ffydrocarhons in a Tube 
2' 5 cm. in Diameter. 

Lo^ver limit. Upper limit. 


Per cent, of Speed, cm. Per cent, of Speed, cin 

Hydrocarbon. combustible, per sec. combustible, per sec 

Methane, CH4 5-8 (5<6) 23-3 13*3 (U-8) m 

Ethane. aH« 3-3 {3'4) 18-1 lO-fi (10-7) 19.7 

Propane, C.R, 2-4 (2-3} 20-8 7-3 ( 7-3) 20-3 

Butane, C,H,4 1-9 (l<6) 20-1 6-5 ( 5-7) 20-3 

Pentane, C5H1, 1-6 (1‘4 ) 20-2 5-4 ( 4-5) 20-2 

(CH4 + 2-6 (2-5)t 22.3 7-7 ( 7-7)t 20-7 


* Equimolecular mixture of methane and pentane, 
f Calculated from values for methane and pentane. 

The “ limit speed ’’ is thus found to approach a constant value, 
as foreshadowed by Bifrgess and Wheeler (T., 1914, 105, 2596). 
not only with each of the paraffin hydrocarbons singly, but also 
with the mixture of methane and pentane. There is no reason to 
doubt but that the limit speed of flame would have the same value 
for any mixture of the paraffins. 

The speeds of flame in limit mixtures with air of carbon mon- 
oxide and hydrogen have also been determined. With carbon 
monoxide, the speed at both limits (in a tube 2*5 cm. in diameter) 
is 19-4 cm. per second, which agrees well with the speeds for the 
paraffins. With hydrogen, the speed at the lower limit is remark- 
ably slow, namely. 10 cm. per second. The flame is exceedingly 
small, consisting of a tiny ball of flame, which, however, travels 
the full length of the tube. For reasons given in a previous com- 
munication (this vol., p. 41). it was not found possible to determine 
accurately the speed of flame in the upper-limit mixture oi 
hydrogen and air. 

The equimolecular mixture of methane and pentane corresponds 
with propane in percentage composition and calorific value, and 
yields the same products on complete combustion. The marked 
difference between the limits of inflammability of the mixed gases 
and those of propane shows that these are not the ouly factor> on 
which the limits of inflammability depend. Similarly, a mixtw’c 
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qI tlir 06 voluDifiS of pentane and two volumes of iiydrogen corre- 
sponds with propane, but this mixture of gases has limits 2*5 
(lower) and 8’ 6 (upper) as compared with propane, 2‘4 and 7*3. 

These differences are perhaps due to the ability of the con- 
stituents of the mixed inflammable gases to burn independently. 
This subject will be dealt with more fully in succeeding papers of 
this series. 

Experimental. 

The speeds of propagation of flame in limit mixtures were deter- 
mined in glass tubes by the method described by Wheeler (T., 
1914, 106, 2610). Two tubes were employed, both 2‘5 cm. in 
diameter ; one, 3 metres long, used for the majority of the experi- 
ments; the other, used for the mixtures with atmospheres rich in 
oxygen, was only 1*5 metres long, so as to avoid the setting up of 
the detonation wave, with consequent shattering of the tube. 

The platinum firing points were about 2 cm. from the open ends 
of the tubes. At measured distances along each tube were fused 
ground -gl ass ' tubulures, which carried glass plugs with stout 
platinum wires fused through them. Fine screen wires of copper 
were stretched across these platinum supports inside the tube, and 
electrical connexion was established with an automatic commutator 
and chronograph by means of platinum terminals on the outside 
of the plugs. * 

In order to fill the tubes with the mixture required for experi- 
ment, they were exhausted of air by means of an oil -pump, half 
filled with the mixture, and re-exhausted before being finally filled, 
A sample of the gas was then taken for analysis. 

The limits of inflammability for upward and downward propaga- 
tion of flame were determined in a similar tube I'o metres long, 
but without side-pieces. 

The gases were prepared in the usual manner, the paraffin hydro- 
carbons being purified by repeated liquefaction and subsequent 
fractional distillation until, on explosion of a sample with excess 
of air and oxygen, the theoretical value for the ratio CjA was 
obtained. 

The methane used in the limit determinations in pure oxygen 
contained 99*8 per cent, of CII^, and the ratio CjA was found to 
be 2*00. The oxygen was prepared by gently heating recrystal- 
lised potassium permanganate, and contained 99' 6 per cent, of Oo. 

The gases were stored over water rendered alkaline by ‘potassium 
hydroxide, and the mixtures were therefore saturated with water 
vapour. 

Eskmeals, 

Cumberland. [Receivedt StpteTnJb^r iihy 1919.] 

3 H* 2 



1446 


PAYMAN : THE PROPAGATION OF FLAME IN 


CXXXVI.— TAe Propagation of Flame in Complex 
Gaseous Mixtures. Part IL The Vniforrn 
Movement of Flame in Mixtures of Air with the 
Paraffin Hydrocarbons, 

By William Payman. 

In the preceding paper it was shown that all mixtures of limit 
mixtures are themselves limit mixtures. With each of the paralfm 
hydrocarbons, the speed of the uniform movement of flame at the 
limits tends to a constant value under standard conditions of 
experiment. The same speed was found with all limit mixtures of 
methane, oxygen and nitrogen, and wdth an equimolecular mixture 
of methane and pentane at its limits with air. There is no reason 
to doubt that the same speed would be obtained with all mixtures 
of the paraffin hydrocarbons at the limits. 

The generalisation advanced in the previous paper was thus 
shown to apply to all such mixtures. The question immediately 
arises whether what is true of the speeds of flames at th# limits 
holds also for other speeds. Whether, for example, given two or 
more mixtures of air with different individual gases, in each of 
which the speed of flanfe was the same, all combinations of the 
mixtures would propagate flame at the same speed. Should this 
be so, a simple method would be available for the calculation of the 
speed of propagation of flame in complex gaseous mixtures from the 
known values for the simple constituent gases. Such a calculation 
could naturally only apply over the whole range of mixtures when 
the maximum speed of flame in mixtures of the several individual 
gases with air was the same; otherwise calculation would be 
restricted to such mixtures as possessed a speed of flame not greater 
than the lowest of the individual maximum speeds. It is clear, 
also, that the mixtures taken for the purpose of calculation must 
be all of the same nature ; that is to say, must all contain excess of 
combustible gas, or must all contain excess of oxygen. 

The mixtures of the paraffin hydrocarbons with air seemed most 
suitable to determine whether the generalisation that applies to 
speeds of flames at the limits is capable of extension to the spms 
of the uniform movement over the whole range of 

mixtures. ‘ , . uvni, 

Measuremento were therefore made of the speed of the unit 
movement in mixtures of air with each one of the hydrocarbons o 
the paraffin series up to and including pentane. The 
ations were carried out as described in the previous paper, 
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horizontal glass tube 2-5 cm. in diameter and 3 metres long. The 
results are recorded in table I. The majority of the values in 
column 1 for methane were obtained by Mason and Wheeler (T 
1917,111,1052). eeier (i., 

The results are shown diagrammatically in Fig. 1. With the 
exception of methane, the maximum speeds are approximately the 
same, namely, about 82 cm. per second. The value for methane is 
rather lower than this, being 67 cm. per second. Owing to the 
few data available for the thermal constants of the paraffin hydro- 
carbons, it is not easy to explain this difference. In each instance 
the mixture having the maximum speed of flame contains more 
combustible gas than is required for complete combustion. 


Fro. 1. 



For testing the application of the generalisation * to speeds other 
than the limiting speeds, the gases methane and pentane were first 
chosen, since they were both readily obtainable in ample quantity. 
Two air mixtures were prepared, one containing 7-35 per cent, of 
methane and the other 1‘98 per cent, of pentane. In these two 
mixtures the speed of the uniform movement is the same, about 
40 cm. per second (twice the speed at the limits), and they both 
contain excess of oxygen. The mixtures were then combined in 
varying proportions, and the speeds of the uniform movement deter- 
mined in the usual manner. The results are recorded in table II. 

♦ This may be Penned the “ speed generalisation.’’ 
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Table II. 

Speeds of Uniform Movement of Flame in a Glass Tube 2-5 cm 
tn Diameter mth Mixtures containing 7-36 per cent, of 

ftZr respectively, Mixed 


Methane mixture, 
Per cent. 
100-0 
750 
50-0 
25-0 
21-2 


Pentane mixture. 
Per cent. 


Speed, 
cm. per sec. 
39-3 
39-2 
39-6 
39-9 

39 - 2 * 

40 - 1 

• Methane and pentane in equimoleeular proportions. 


25-0 

500 

750 

78-8 

100-0 


It will be seen that the speeds are identical within the limits of 
experimental error. 

Two mixtures containing excess of combustible gas, with speeds 
further removed from that at the limits, were then examined in 
the same manner. These mixtures contained 11-00 per cent, of 
methane and 3-54 per cent, of pentane, respectively, and the speed 
of the uniform movement of flame in them was about 60 cm per 
second three times the value at the limits. The results are given 
in table III. ° 


Table HI. 

Speeds of Uniform Movement of Flame in a Glass Tube 2 o cm. 
tn Dtameier with Mirfures coniaimng 11*00 ger cent, of 
Methane and 3-54 per cent, of Pentane, respectively, Mixed 
together. 


Mcthan© mixture. 
Per cent. 
100-0 
75*0 
50-0 
25*0 
24-4 


Pentane mixture. 
Per cent, 

25-0 

50-0 

7 . 5-0 

75*6 

100-0 


Speed, 
cm. per sec. 
59-1 

59 - 1 

60 - 3 
59*1 
59 - 1 * 
59*6 


* Methane and pentane in equimoleeular proportions. 


Once more the generalisation is found to hold with great 
accuracy, and there is no doubt that it is true for all mixtures of 
the paraffins having the same speeds of flame provided that the 
fflaximum speed in mixtures of any individual paraffin with air is 
no , too nearly approached. For if the generalisation could be 
supposed to apply to the “maximum -speed ” mixtures, no mixture 
“ air containing both methane and pentane should propagate the 
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uniform movement of flame at a speed higher than the maximum 
speed in mixtures of methane and air. Similarly, the generalisa- 
tion cannot apply to speeds at the limits in mixtures of methane 
with atmospheres containing a high proportion of nitrogen, for 
with such atmospheres both upper and lower limits of inflamma- 
bility lie at the maximum, flattened portion of the speed-per. 
centage curve. 

Bearing these limitations in mind, it should be possible to calcu- 
late the values for the speed-percentage curve for any combination 
of the paraffins in air. An equimolecular mixture of methane and 


Fio. 2. 



pentane (which corresponds with propane) was chosen to test the 
accuracy of such calculations. 

The results are recorded in table IV, and are compared with the 
calculated values in Fig. 2. In no instance was the difference 
between observed and calculated speeds greater than 1 cm. per 
second. The highest speed for which calculation was made was 
60 cm. per second. 

It must be admitted that the gases chosen for these experiments 
are particularly favourable towards the calculation, since the maxi- 
mum speed of tCe uniform movement is nearly the same with each 
gas. As a more stringent test, a mi.xture of pentane and hydrogen 
was prepared + 2 H 2 , corresponding with propane), and a 
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series of speed (|e terminations ^nd calculations made as before. In 
this instance, the maximum speeds of uniform movement in mix-* 
tures of the individual gases with air differ widely, being 82 cm. per 
second for pentane and 485 cm, per second for hydrogen. The 
results are recorded in table IV, and in Fig. 2 are compared with 
those calculated. 


Table IV, 

Spnd of Uniform Movement of Flame in Mixtures of Air with 
Comhinations of Gases corresponding with Propane in a Glass 
Tube 2' 5 cm. in Diameter, 


(o) CH^ -f- CgHta. 


[h) 3C,H„ 


Combustible gas. 

Per cent. 
2*55 
2-65 
3*12 
3*54 
4-04 
4*52 
.5*05 
5*36 
6*23 
7*03 
7*70 
7*79 


Speed, 
cm. per sec. 

6 cm. travel only 
22-3 
39*2 
63*7 
70*7 
78*3 
73*6 
59*1 
37-E 
26*4 
20*7 

3 cm. travel only 


Combustible gas. 

Per cent. 
2*35 
2-47 
3*02 
3*56 
4*03 
4*48 
4*91 
5*77 
6*25 
7*10 
7*80 
8-60 
8*72 ■ 


2H,. 

Speed, 
cm. per sec. 

Cap only 
19*7 
43*3 
67*7 
82*7 
89*5 
83*7 
54*0 
43-6 
27*9 
23*1 
21*5 

15 cm. travel 


The results are not iii as good agreement with calculation as 
those obtained with the combination of methane and pentane, but, 
even so, the agreement is remarkably close considering the wide 
difference between the individual maximum speeds of flames, The 
greatest difference between observed and calculated results is only 
4 cm. per second. The highest speed for which calculation was 
made was 60 cm. per second, which is rather close bo the maximum 
speed for pentane. 

It will no doubt be apparent that a limit is at present set to the 
scope of the generalisation, because only the speeds of flames in 
mixtures with air are available for purposes of calculation. When 
it is remembered that the gas with the slower maximum speed of 
uniform movement of flame may have that maximum greatly 
enhanced if an atmosphere richer in oxygen than air is used, it is 
dear that the generalisation shoxild be capable of further extension, 
given the necessary experimental data. The consideration of this 
subject is reserved for a later paper. 

It now remains to deduce a method for calculating the maximum 
speed of the uniform movement of flame in a mixture of air with 
a mixture of inflammable gases, and also for calculating the com* 
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position of the mixture wliich. wiirhave bliis maximum speed of 
flame. The latter may he calculated by the method suggested in 
a previous communication (Payman and Wheeler, this vol., p. 
in which it was shown that if ‘‘ maximum-speed ” mixtures were 
mixed together, the result would be the “ maximum-speed mixture 
for the mixed inflammable gases. For example, the value for the 
maximum speed of uniform movement of flame for hydrogen k 
38 '5 per cent., for pentane 2-9 per cent., and for methane 9*9 
cent.* The calculated value for the equimolecular methane- 
pentane mixture is 4‘48 per cent., and for the pentane-hydroffen 
mixture (3C^Hio + 2H2) 4 '60 per cent. The value found is the same 
for both mixtures, namely, 4*55 per cent. It is interesting to note 
that the same value is found for propane, with which these mixed 
inflammable gases correspond. 

Tt was also suggested, from a consideration of the results obtained 
with mixtures of air with an equimolecular mixture of methane and 
hydrogen, that the gas for which the maximum speed of flame was 
the lower had the predominating effect in determining what would 
be the maximum speed with mixed inflammable gases. This is true 
for mixtures of methane anct hydrogen, but, in general, it is the 
gas requiring most air to attain the maximum speed of flame which 
is the deciding factor. This is, indeed, what one would expect 
from a consideration of the generalisation concerning the speeds in 
mixed gases. The larger the volume of air a combustible gas 
requires to produce its “ maximum-speed mixture/’ the smaller is 
the percentage of that combustible gas in the fastest-speed mixture 
of air with a mixture of gases that contain it. 

A method for calculating approximately the maximum speed of 
the uniform movement of flame in mixtures of air with a mixed 
inflammable gas, from the known values for its simple constituent?, 
may be given from a consideration of this fact. The assumption is 
made that when maximum -speed " mixtures are mixed together, 
the resulting speed is proportional to the amount of each mixture 
present and to the respective maximum speeds of their flames. Thi? 
relationship, which holds roughly for mixtures with air, may he 
expressed as follows : 

_ flS/i + -h cSg -1- .... 

a-i-6-fc .... 

where S is the speed required ; a, h, c, . . . are the amounts present 
of each maximum-speed mixture with air; Sa, Scy . . > are the 
speeds of flame in those mixtures respectively. 

The use of the formula will be best explained by an actual 

♦ In each instance the figure given is the mean percentage over a 
of mixtures having nearly the same speed. 
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calculation of the maximum speed of flame for the equimolecukr 
mixture of metliane and pentane in admixture with air 
The calculated value for the mixture to have the maximum speed 
of flame is 4'5 per cent., and this mixture will contain 2-25 per 
cent, each of methane and pentane. In the maximum-speed mix- 
ture of pentane and air, 100 parts of the mixture contain 2'9 parts 
of pentane, and therefore 2-25 parts of pentane correspond with 
100 = 77 parts of pentane-air mixture. 

Similarly, 2-25 parts of methane correspond with 23 parte of 
methane-air mixture, since the maximum-speed mixture of methane 
and air contains 9*9 per cent, of methane. 

Substituting these values in the above formula 

S = (77 x_82) + (23 x67) 

■' 100 ■ ■ 

= 78*5 cm. per second. 

The value found was 79 cm. per second, showing an extremely 
close agreement. ^ 

The agreement is not so good with the pentane-hydrogen mix- 
ture ( 3 C 5 HJ 2 + 2 H 2 ), the calculated value being 100 cm. per second 
and the speed found 90 cm. per second. The ^discrepancy does not 
appear so great, however, when it is remembered that there is a 
difference of 400 cm. per second between the maximum speeds of 
the flames in mixtures of pentane and air and hydrogen and air. 

The maximum speed of flame with mixed gases and air may also 
be found by a graphical method. If on a speed-percentiage graph 
the maxima for any two gases taken singly is joined by a straight 
line, all the maxima for mixtures of these two gases lie approxim- 
ately on this line. The composition of the maximum-speed ” 
mixture is calculated by the method given by Payman and Wheeler 
(for. rif.). and the speed then read off from the graph. 

Esemeals, 

CUTHBETULANn. 


[Recewrii, October lOth, 1919.] 
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CXXXVIL — The Propagation of Flame in Corrx'pkx 
Gaseous Mixtures, Part IIL The Uniform 
Movement of Flame in Mixtures of Air with 
Mixtures of Methane, Hydrogen and Garhon 
Monoxide, artd with Industrial Injlammahle 
By William Payman. 

The common industrial gases contain as their inflammable con- 
stituents methane, hydrogen, and carbon monoxide in various 
proportions. 

The speed of the uniform movement of flame in mixtures of 
methane and air in a tube 2 ’5 cm. in diameter was given in 
Part II of this series of papers. The speeds with hydrogen and 
air in a similar tube (over the major portion of the range of 
inflammable mixtures) have been determined by Haward and 
Otagawa (T,, 1916, 109 , 83). The speeds in mixtures of carbon 
monoxide and air are recorded in the present paper. 

MixUirts of Carhon Monoxide and Air , — It is well known that 
the rate of coniliustion of carbon monoxide is dependent on the 
amount of water vapour present. Dixon, for example [Vhl. 
Tram., 1893, 184 . 97), has shown that the velocity of the detona- 
tion wave in a mi.vture of carbon monoxide and oxygen (2CO-fO,) 
increases with the ])prcentagc saturation of water vapour. 

The present series of determinations of the speed of the uniform 
movement of flame in mixtures of carbon monoxide and air was 
carried out with mixtures saturated with water vapour at the 
ordinary temperature and pressure. Since the room tempera- 
ture varied, it was not surprising to find that the speed in a given 
mixture did not remain constant from day to day. Identical 
results were, however, obtained in experiments made within a few 
minutes of each other at the same temperature and pressure. 
Table I illustrates the oflect of change in the percentage saturation 
of w^ater vapour on the speed of the uniform movement of flame in 
a mixture of carbon monoxide and air containing 50 per cent, of 
carbon monoxide. 

Table I. 

Speed of J^niforw Movement of FJcmc in a Mixture of 

Monoxide and .4fr (50 per cent. CO) in a Tube 2*5 cm. m 
Diameter. 


Temperature and pressure. Cm. per sec. 

10° and 7.50 mm (1) 59<fl (2) 

1.5® and 750 mm (1) O^’O (2) B4*5 

17® and 755 mm (1) 79 4 (2) 79 0 
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A series of determinations of speeds of flame over the whole 
range of inflammable mixtures was carried out during a period 
when the temperature of the laboratory did not alter appreciably 
(about 12"^). The values obtained are given in table II 


Table II. 


of Uniform Movement of Flame, in Mixturee of Carhon 
Monoxide and Air in a Tube 2'5 cm. in Diameter at 12° and 
750 mm. 


Per cent, of 
carbon monoxide. 
16-15 

16-29 

16-40 

16-51 

24-47 

.30-50 

44-84 

50-45 

54-40 

59-58 


Cm. per sec. 

Tongue of flame 
only. 

19-5 

19-4 

19-4 

34-0 

46-0 

60-1 

59-9 

57-8 

66-2 


Per cent, of 
carbon monoxide. 
59-81 
65-55 
65-84 
67-10 
67-57 

69- 00 

70- 63 

70- 68 

71- 19 
71-31 


Cm. per see. 
54-2 
37-4 
36-3 
30-2 
29-6 
26-0 
20-0 
20-3 
19-4 

Trailing flame 
travelled 15 cm. 


These values are of interest in themselves, apart from their con- 
nexion with the problem of the propagation of flame in complex 
gaseous mixtures, inasmuch as they disclose the fact that the 
maximum speed of flame is obtained with mixtures containing from 
45 to 50^ per cent, of carbon monoxide. The mixture for complete 
combustion contains 29‘5 per cent, carbon monoxide, so that the 
•‘displacement’' of the maximum-speed mixture is greater even 
than* with hydrogen, despite the fact that the thermal conductivity 
of carbon monoxide is but little different from that of air. 

Industrial gas mixtures may contain varying proportions of 
water vapour. There may therefore be some uncertainty as to 
the correct values to use for the speed of flame in mixtures of 
carbon monoxide and air when attemjiting to calculate the speed 
of flame in the mixed industrial gas. Such gases, however, con- 
tain hydrogen as well as carbon monoxide, and the presence of 
hydrogen affects the speed of flame in a similar degree to that of 
water vapour. With mixtures of gases containing fairly high pro- 
portions of hydrogen, it is therefore not unlikely that the effect 
of variation in the moisture content would be inappreciable. It 
should therefore be sufficient for our purpose to know the values 
for the speed of flame in mixtures of air with a mixture of hydrogen 
and carbon monoxide. Or the “ effective ” speeds for mixtures of 
carbon monoxide and air could be calculated from such values 
and these speeds used for further calculation. 
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Ii; this connexion, it is interesting to note that Berthelot (Ann. 
Chim. Fhys., 1881, [v], 28 , 289) found the rate of detonation Iq 
mixtures of carbon monoxide and oxygen to be about half tie 
calculated value. For mixtures of oxygen with carbon monoxide 
plus hydrogen, the calculated values were in good agreement with 
those found. Similarly, in the present research, the maximum 
speed of uniform movement of flame in mixtures of carbon mou- 
oxide and air is found to be about half the value calculated, making 
use of the values determined for hydrogen-air and hydrogen- 
carbon monoxide-air mixtures. 

Mixtures of Hydrogen and Air . — As with tubes of smaller 
diameter (this voL, p. 36), it was not found possible to determine 
accurately the speed of the uniform movement of flame in the 
upper -limit mixture of hydrogen and air in a tube 2*5 cm. in 
diameter. A mixture containing HA per cent, of hydrogen was 
found to be the richest which would propagate flame under the 
experimental conditions. The flame was not hot enough to melt 
•‘screen wires,” but its speed, as measured by means of a tapping 
key in connexion with a chronograph, was found to be approxim- 
ately oO cm. per second. 

A characteristic of the lower-limit mixture and of mixtures near 
to it is the formation on ignition of minute balls of flame, which 
pass steadily from the open to the closed end of the tube. These 
flames are propagated mainly by the influence of convection 
currents, and the speed-percentage curve at the lower-limit region 
is not continuous, but shows a definite break. Nevertheless, no 
deflnite distinction, at the point of break in the curve, could be 
drawn between the normal and the balls of flame, the latter 
increasing in size and gradually changing their form as the per- 
centage of hydrogen increased. 

The speeds of the flames in mixtures near the limits are given 
in table III, which completes the table given by Haward and 

Table III. 

Speed of the Uniform Movement of Flame in Mixtures of Hydrogen 
and Air irt a Tube 2'5 cm. in Diameter. 


Hydrogen. 

i>pcod, 

l^er cent. 

ciu. per sec. 

6- 10 

Xo flame observofl. 

biy 

10 

t>:ii 

12 

t>'52 

15 

14-7i 

120 

7i'39 

50 

71*51 

I*' lame to open end 
only. 
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Otagawa {loc nt., p. 89). In only one instance was the flame hot 
enough to melt screen wires,” namely, with the mixture contain- 
ing 14'71 per cent, of hydrogen; the remaining speeds were deter- 
mined by means of a tapping key. 

Mixture/: of Methane, Hydrogen, and .4ir._The speed of the 
uniform movement of flame in a tube 2'5 cm. in diameter was 
determined over a range of mixtures of air with two mixtures of 
methane and hydrogen. The first mixture contained equal volumes 
of methane and hydrogen (CH, + H,), the second three volumes of 
methane to one volume of hydrogen (3CH, + H,). The results are 
recorded in table IV. The lower-limit flames preserved the general 
character of the corresponding hydrogen flames, and their speeds 
were found to be lower than the speed in the limit mixture of 
methane and air. 


Table IV. 


Speed of the Uniform Movement of Flame in Mixtures of Air 
mth Hydrogen Methane Mixtures in a Tube 2'o cm. in Diameter. 


Combustible gas. 
Per cent. 

G-03 

6'20 

6-31 

6- 73 

7- 68 
D-05 

10- 23 

11- 95 
11-99 

13- 50 

14- 03 

15- 9:] 

16- 90 

18- 31 

19- 96 

20 - 22 
20-32 
20-48 
20-80 




Speed, 
cm. per sec. 
15-0 
17-1 
19-1 
22-1 
28-6 
45-6 
67-4 
104-1 
106-3 
128-6 
135-3 
127-3 
111-9 
65-6 
35-5 
30-5 
28-5 
27-3 
24-3 


3CH, + H,. 


Combustible gas. 
Per cent. 

6-09 

6-22 

6- 50 
6-80 

7- 84 
9-06 
9-93 

11- 35 

12- 26 

13- 25 

14- 20 
14-99 
il5-50 


Speed, 
cm. per sec. 
18-0 
19-9 
21-0 
27-7 
39-6 
58-3 


84-9 

82-2 

66-7 

45-7 

27-8 

22-6 


The results are plotted as curves in Fig. 1, the calculated curves 
being shown in dotted line. The maximum speeds calculated by 
the method given in Part IT are 150 and 99 cm. per second 
respectively for the mixtures CH^ + H, and SCH^ + Ho. The values 
found were 135 and 85 cm. per second. 

Mixtures of Carbon Monoxide, Hydrogen, and Air . — Two mix- 
tures of carbon monoxide and hydrogen were employed, of com- 
position CO + Hp and SCO + Ho, corresponding with the methane- 
hydrogen mixtures. The results are given in table V, and are 
plotted as curves in Fig. 2. 
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From the values found for hydrogen aoS tu ■ . 
3 CO + H 2 , jP«eds of the flames in mixtures of air with TO'+h" 
were calculated. The results are shown in dotted line in Fig 2 

V r” tb '"th ealeiilatbd in this minnsr arrm"^ 

higher than those found by experiment. These “eiTeetive” speeS 
have been used m subsequent calculations instead of the value 1 
determined, which are dependent on the amount of water vapour 


Table V. 


Speed of Uniform Movement of Flame in Mixture, of Air vith 
the Mixtures CO + and 3CO + in a Tube 2-5 cm. in Diameter. 


CO + H,. 


Combustible gas. 
Per cent. 

9*25 
• 10-35 

15-40 
20-57 
30-25 
30-94 
41-50 
45-92 
51-23 
58-55 

69- 00 

70- 75! 

71- 34 


Speed, 
cm, per sec. 
18-2 
21-1 
58-3 
100-4 
211-5 
282-9 
309-7 
315-2 
280-0 
178-5 
64-5 
50-1 
44-4 


3CO + He. 


Combustible gas. 
Per cent. 
1200 
18-99 
27-82 
34-73 
41-32 
46-90 
53-17 
58-49 

70- 36 

71- 42 


cm. per sec. 

19- 2 
67-1 

115-0 

166-2 

205-5 

214-0 

200-0 

154-7 

34-4 

20 - 8 


Mfriurefi of Methane and Carbon Uono-ride, and Mixtures of 
Methane, Hydrogen, and Carbon Monoxide with alir.— Table VI 
le^rds the results obtained with a mixture containing equal 
volumes of methane and carbon monoxide, and with one containing 
equal volumes of methane, hydrogen, and carbon monoxide. 
* e hane, or any gas into the composition of which hydrogen enters 
acts towards mixtures of carbon monoxide and air in a manner 
comparable with that of hydrogen and water vapour. The maxi- 
mum speed of uniform movement of flame in mixtures of air with 
each of the mixtures CO and CH^ + CO-^H. was found to 
e yi and loO cm. per second respectively, whilst the correspond- 
mg calculated values are 78 and 145 cm. per second. 
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Table VI. 


Speed of Uniform Movement of Flame in Mixtures of Air 

the Mixtures OH4 + CO and CH4 + H2 + CO in a Tube 2*5 cm. 
in Diameter. 


CH4 

+ CO. 

CH4 + Hs 

-bCO. 

Combustible gas 

Speed, 

Combustible gas. 

Speed, 

Per cent. 

cm. per sec. 

Per cent. 

cm, per see. 

945 

21-9 

7-70 

21-2 

9-88 

36-2 

10-01 

3G-r> 

12-07 

62-5 

14-01 

83-3 

13-73 

^ 85-7 

15-80 

109-4 

15-95 

91-3 

18-92 

150-0 

18-06 

68-9 

20-42 

148-7 

19-32 1 

52-3 

22-43 

118-5 

21-551 

10-8 

25-05 

57-8 



27-57 

21-8 


Fig. 3. 



The speed-percentage curves for the equimolecular mUhires 
CH +H.!. II, -CO, CO, (’H,, and CH, + n, + CO are plotted u 
Fii^. 3, the curves for the pure gases being included for comparison 
J/i rfurM 0/ Inrliistrytl Ga^r.n irith .lir.— The . 

ture of carbon monoxide and hydrogen corresponc , 

water-gas." A coal-gas and a producer-gas were also exami , 

the com ])Osit ions of these being : 
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part in. 
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i^enzene and higher olefines 

Coal-gas, 
Per cent. 
1-1 

0-3 

2-6 

. Q. (i. 

Producer-gas. 
Per cent. 

Carbon dioxide 

— 

Ethylene 

5-0 

Carbon monoxide 

— • 

Hydrogen 

49-2 

33-9 

3-3 

21-3 

Methane and higher paraffins .... 

12-6 

Nitrogen (by difference) 

31 

58-0 


The speeds of the uniform movement of flame in mixtures of 
air OTth each of these two gases are given in table VII, 


Table VII. 


.S>«d of Uniform Movement of Ftame. in Ifirturee of Air vHh 
Conl-oae and with Prodvcer-f,ae in a Tuhe 2'5 cm. in THameUr. 


Coal-gas. Speed, 

Per cent. cm. per sec. 
7-2 21-5 

10- 0 50-5 

11- 9 87*1 

14-7 133-7 

16'6 153-9 

17-9 154-1 

20- 4 115-6 

21- 8 74-3 

24-3 22-0 


Producer-ga?. 

Per cent. 
24-7 
38-9 
460 
49-0 
54-3 
58-8 
61-6 


Speed, 
cm. per see# 
20-0 
47-4 
62-7 
72-2 
69-7 
43-5 
24-0 


The principal constituents of the coal-gas are hydrogen, methane 
and carbon monoxide. If all the hydrocarbons be reckoned aj 
methane, the calculated maximum speed of uniform movement of 
flame in mixtures of air with this coal-gas is 164 cm. per second, 
with a mixture containing 18*4 per cent, of coal-gas. Since the 
content of inert gases (nitrogen and carbon dioxide) is low, they 
may be neglected when making the calculations. 

Producer--gas, on the other hand, always contains a large pro- 
portion of inert gas; the sample used for these experiments con- 
tained only 37 per cent, of combustible gas. For this reason, a 
value for the ma.ximum speed of uniform movement of flame in a 
mixture of producer-gas and air, calculated from the maximum 
speeds in mixtures of the pure gases with air, would be too high. 

The speed of flame in mixtures of air with gas containing a large 
proportion of nitrogen can be calculated on the assumption that 
t ie cooling or retarding effect on the flame of excess of air or of 
nitrogen will be the same, since their specific heats are the same.* 
A mixture of carbon monoxide, hydrogen, and methane in the pro- 

* This assumption is not quite correct, since the presence of reactive gas 
" opposes the retarding effect of air. 
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portions in which they are found in the sample of producer-gas 
used in these experiraent-s will have as its “ fastest-speed ” mixture 
with air one containing 34' 7 per cent, of combustible gases. If 
nitrogen is added to this mixture, so that the ratio of nitrogen to 
combustible gases is the same as in the producer-gas, the result is 
a mixture containing 21*7 per cent, of combustible gases. 
carbon dioxide content being low, it may be calculated as nitrogen.) 
The speed of flame in this mixture should, on the assumption given 
above, be but little different from the speed of flame in the same 
mixture of combustible gases with air. The latter speed is most 
easily determiij^ed by a graphical method, and is found to be 85 cm. 
per second. 

The mixture of air and producer-gas with the fastest speed of 
uniform movement of flame contains slightly more inflammable 
teases than is required for complet-e combustion, A greater '‘dis- 
placement" of the maximum-speed mixture might he expected for 
the reason that the chief inflammable constituents are hydrogen and 
carbon monoxide, the individual displacements of which are con- 
siderable. The small displacement with producer-gas is due to tbe 
presence of inert, gases, as will be explained in the succeeding 
section of this series of researches. The effect, in general, of inert 
gases on the speed of the uniform movement of flame in gaseous 
mixtures will also be considered. 

Eskbceals, 

CuMBERLAKD. [RrcrtV^cf, Octobef lOf/l, 1919] 


CXXXYUl~Thc Ignition of Ether-- Alcohol- Air aid 
Acetone-Air Mixtures in Contact tvith Heated Surfaces. 

By Albert Greville White and Tudor Williams Price. 

OwiKG to the large number of flres which had occurred during 
1917 and 1918 in solvent-recovery stoves in which cordite was being 
dried, it was decided to investigate the conditions under which 
mixtures of the vapours of ether, alcohol, and acetone with air 
would ignite. This w’as rendered all the more necessary by the 
fact that the information available on this subject was scanty and 
oft^n contradictory. 

As a general rule, the actual rise in temperature necessary to 
cause the explosion of such an explosive as glyceryl trinitrate is 
much lower than that needed to ignite an explosive gaseous mis 
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ture. On the other hand the lower thermal capacity of the eas 
and ite oompari^ively far greater mobility render it more 
susceptible to ignition in many cases. There was thus some justifi- 
cation for the idea that the solvent-air mixture was probably 
responsible for many of the recovery-stove dres that had occurred 
particularly when it is remembered that fires had been less frfr 
quent in ' final ’ stoves than in recovery-stoves, that more fires 
had occurred with cordite from which a mixture of ether and 
alcohol was being removed than when the solvent was acetone and 
that ether when mixed with air is indubitably more dangerous 
than acetone under similar conditions. • 


The factors affecting the ignition of a combustible gaseous mix- 
ture are many, and the influence of some of them is not particu- 
larly well understood. The problem of safety when dealing with 
such a mixture under manufacturing conditions divides it^^elf 
naturally into two parts, the one dealing with the ignition of the 
mixture, and the other with the propagation of the flame from 
one portion of the mixture to another, for example, from one build- 
ing to another. This division is seen to be inherent when it is 
remembered that, by using a sufficiently powerful source of 
Ignition, it IS possible to ignite almost any combustible gas-air 
mixture, whereas the propagation of the flame is a totally different 
matter, particularly if the gas-mixture considered is at rest. In 
such a case, there appear to be definite limits for the proportion 
of combustible gas to air in a mixture which propagates flame, 
these limits depending ultimately only on the direction of pro- 
pagation and the nature of the combustible gas used, at ordinary 
temperature and pressure. The experimental work is accordimrly 
divided into three sections : ^ 


(1) The ignition- temperatures of various gas-mixtures, including 
ether-air, alcohol-air, and acetone-air mixtures. 

(2) The limits for the propagation of flame in these mixtures. 

(3) The investigation of a few' miscellaneous facts concerned 
more particularly with various means of ignition. 

The fact has not been lost sight of that ease of ignition and 
propagation of flame might be enhanced by the presence of some 
impurity in the solvent vapour-air mixture. Accordingly, experi- 
ments have been carried out to ascertain the effect of adding slight 
amounts of glyceryl trinitrate and of the peroxides of ether to the 
gag-mixtures dealt with. This was the more necessary, as glyceryl 
trinitrate, even though present in the stove vapours in minute 
quantities, is known to be a source of possible danger, and also 
because there appears to be a tendency to assign any otherwise 
inexplicable explosion or fire with ether to the influence of these 
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peroxides (compare Neander, Chem. Zeit., 1902, 26 , 336, and 
others). This idea seems to have arisen chiefly from the fact that 
ether which had given trouble had generally been kept for somg 
time, and also because it was well known that the exposure of 
purified ether to light caused the formation of compounds which 
appeared to contain active oxygen. The methods used to prepare 
these compounds were those given by Baeyer and Villiger (iJer 
1900, 33 , 3387; 1901, 34 , 738). Naturally, great care was 
exercised in freeing the solvents used from such impurities. 

The ether used was twice distilled from acid permanganate and 
washed several times, first with a concentrated solution of 
potassium hydroxide in water, and then with a dilute one. It was 
then washed several times with distilled water, dried, distilled, and 
again dried for several days over sodium. On fractionating twice 
with a Young and Thomas still-head, a fraction boiling within 
0*05° of the boiling point of the pure substance was collected each 
time. The alcohol used was ordinary absolute alcohol, which was 
twice heated under reflux for four hours over fresh lime, then 
twice over calcium turnings for two hours, and refractionated as 
for ether, the fraction collected boiling within O'Oo^ of 78-4“. 
The acetone was purified by converting it into the sodium iodide 
compound, collecting, and distilling the double compound. The 
product was then carefully dried and fractionated twice, as in the 
case of the other compounds. The purity of the solvents used can 
be gauged from the fact that the acetone obtained had Df 0‘7808, 
as low a figure as any published. These solvents were carefully 
preserved in a dark cupboard. 

Except when otherwise specified, percentages can be taken to 
mean percentage by volume. Tubes are also often s])ecified by 
their diameters. Thus a tube 5 cm. in diameter would be referred 
to as a 5 cm. tube. 

Sect[on I. 

The I ffnif ion-temperatures of Ether- Alcohol- Air and Acttom- 
Air Miitures. 

With the exception of two figures for ether in air, given 

by McDavid (T., 1917, 111 , 1003) and 190=^ by Alilaire {Compt 
Ttnd.y 1919, 168 , 729), the ignition-temperatures found in the 
literature for the solvents in qu^tion are spontaneous ignition- 
temperatures, which can he taken to be the temperatures at whicb 
the substances “dealt with (surrounded by oxygen or air at the same 
temperature) will burst into flame without the application of any 
spark or other local high temperature. Two sets of these figures, 
which are intended for engine work, are given. Thus, Holm 
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(^Zeitsch. migtw. Chem,^ 1913, 26, i, 273) gives the spontaneous 
ignition- temperature of alcohol in air as 510®, of acetone as 570®, 
and of ether as 400®. Moore (/. Soc. Ghem. Ind., 1917, 36^ 
109) gives the spontaneous ignition-temperatures of ether and 
alcohol in air as 347® and 518®, and in oxygen as 190® and 395® 
respectively. It will be seen that only the figure given for the 
ignition-temperature of ether in air by Alilaire, which was pub- 
lished after the completion of our work, appears to be sufficiently 
low to make an ignition of the solvent—air mixture under present- 
day conditions of recovery seem feasible. 

A paper by Perkin (T,, 1882, 41 , 363) on the luminous, incom- 
plete combustion of ether is interesting in this connexion. Accord- 
ing to him, this phenomenon was first discovered by Davy, who 
noticed a pale phosphorescent light round a hot platinum wire. 
Doebereiner noticed the same thing, and also remarked that when 
ether was dropped into a retort heated on the sand-bath to 100® 
and upwards, or into a platinum capsule exposed to the vapour of 
boiling water, the spheroidal state is produced, accompanied by a 
blue flame visible only in the dark, and not capable of setting fire 
to other substances, lachrymatory vapours of lampic acid being 
formed. 

Boutigny and Miller also noted this flame and the products of 
the combustion, and proved that metal or porcelain dishes were 
equally effective in producing these phenomena. Boutigny gives 
the temperature at which ether begins to burn with this flame as 
a little below that of fusing lead, and so agrees with Perkin and 
others that the temperature necessary must be about 260®. As 
will be seen later, however, a temperature much below this is 
sufficient to produce this flame in ether-air mixtures. According 
to Perkin, this blue flame has a comparatively low temperature (it 
has since been designated a “cool" flame). The fingers may be 
placed in it with impunity. It will neither char paper nor ignite 
carbon disulphide, and a lucifer match may be held in it for some 
time before being ignited. He also states, however, that ether 
vapour burning with this blue flame, when in large quantities, or 
more especially in a confined space, rapidly increases in tempera- 
ture and quickly enters into ordinary combustion. 

Perkin also examined other substances for “the luminous appear- 
ance accompanying incomplete combustion." Only traces of blue 
flame were obtained with the alcohols up to amyl, methyl alcohol 
giving none. 

The generally accepted definition of ignition-temperature is that 
temperature to which a gas-mixture must be heated, at least locally, 
for the speed of the reaction to be such as to become self-support- 
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ing. This temperature is not that at which a flame appeai-s, ^ 
that at which self-heating becomes sufficient to cause ultiajat^ 
inflammation. 

That the determination of an ignition-temperature is a matter 
of great difficulty can at once be seen when it is considered that 
the temperature at which such a reaction would become self-sup. 
porting must depend on the rate of dissipation of heat in ttj 
system as well as on many other factors. For instance, if the time 
t^ken to bring the gas-mixture up to the ignition-temperatnre h 
appreciable, the composition of the gas-mixture alters, and if j 
solid is in contact with the heated gases, even below their ignition, 
temperature, as proved by Bone and Wheeler Tram., 19o^ 

[. 4 ], 206 . 1) and by Meyer and Freyer {Ber., 1892, 25 , 622), tie 
most divergent results are obtained for the amount of combination 
that takes" place. From their work, the German investigators 
concluded that it was impossible to determine an ignition- 
t-emperature. 

We decided to try the soap-bubble method described by McDavid 
(loc, cit.), and if that proved unsatisfactory, as was anticipated 
from Mcunier's work (Coaipt. rend., 1907 — 1912), to attempt to 
make use of a method in which the amount of heated surface 
brought into contact with the gas would be known, thereby elimin- 
ating the most obvious defect in the soap-bubble method as pub- 
lished. To this end. it was decided to pass the various gas-mixtures 
of which the ignition -temperatures were required into certain 
uniformly heated vessels. In this way, the temperature at whicE 
icrnition could be obtained in each vessel would be known. By 
takinc^ vessels of the same material having different ratios of 
surface to volume and plotting the ignition-temperature against 
surface per unit volume, it was anticipated that by extrapolation 
it would be possible to eliminate to a great extent disturbing 
variations due to surface action. The most obvious vessels to use 
were tubes of various diameters, and a series of these was accord- 
ingly chosen. It was quite realised that the longer time taken to 
heat a large bulk of gas would affect the results to some extent, but 
direct experiment, in which some of the products of combustion 
were introduced into the gas -mixture to be used, soon proved tb 
to be almost negligible in the case of ether-air mixtures of ordina^ 
concentration. It is to be noticed, however, that in this method 
the temperature determined has been called the sub-igmhon- 
temperatuit--the minimum temperature at which combination id 
a gaa-mixture becomes self-supporting. This appears to e « 
practical temperature required, as the phenomenon obtaine . 
or may not give rise to ordinary combustion, depending on cir 
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stances. Its identity with the ignition-temperature of a mixture 
depends entirely on what is understood by ignition'^ and a 
-flame in those cases in which cool flames are possible phenomena 

Heating a gas-mixture quickly to its ignition-temperature is 
always assumed to cause ultimate inflammation. In many cases 
an ordinary flame, causing more or less complete combustion cannot 
be obtained by heating a gas to its aub-ignition-temperature and 
in those cases in which such a flame appears it is only produced 
through the ‘'coor^ flame of incomplete combustion. For a fairly 
concentrated ether-air mixture, the cool flame obtained is very 
similar in appearance to an ordinary flame, but for very dilute 
mixtures it becomes practically a travelling phosphorescent flow 

The Soap-buhhle Method.—^Yie results obtained during our 
investigation of the soap-bubble method of determining ignition- 
temperatures have already been published (this vol., p. 1248) By 
asing different igniting surfaces, it was found that the ignitiou- 
jemperature of a 5 per cent, ether-air mixture as determined by 
his method could vary from 907^ to 1064'^, whilst that of a 12 per 
sent, mixture could vary from 870° to 1035°, The results obtained 
leemed to be erroneous, and by using several gas-mixtures it was 
hown that the method could scarcely be trusted, even for com- 
)arative results. 

The Exhausted Tube Method.—The apparatus used in this 
aethod is shown in Fig. 1. The heated vessel consisted of a long 
:lass tube sealed at one end and closed at the other by means of 
i rubber stopper. The tube could be kept at any desired tempera- 
ure by means of an electric furnace, the exact temperature inside 
he tube being registered by means of a copper-constantan couple 
xcept when that temperature was more than 500°, when a 
itrogen-filled mercury thermometer was used. The ignition tube 
fas connected to the glass reservoir containing the mixture under 
sain illation by means of a glass lead passing through the rubber 
»pper. A three-way tap was inserted between the tube and 
jservoir in such a manner that the tube and lead could be coll- 
ected at will to the reservoir or to a Gaede box pump. The 
Jservoirs were of 15 to 17 litres capacity, and the tubes used at 
pt were a few cm. longer than the furnace, which was 50 cm. 
ng, Ihe reservoir was filled with any required mixture by 
^ausfcing it and allowing air to sweep a known weight of the 
Ivent from the filler, shown in the figure. The filler was cou- 
nted to the three-way cock by means of rubber tubing, but the 
jd of the filler always projected into the tap tube. In this way, 
pe of the solvent escaped introduction into the reservoir, and a 
^owledge of the molecular weight of the solvent, together with 
'^Oh. cxv. 3 I 
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the temperature and pressure, gave, by means of a simple calcula. 
tion, the percentage volume occupied by the solvent in 
reservoir. A portion of the lead between the three-way tap and 
the furnace was connected to the remainder by means of rubber 
joints. These joints enabled tubes of various internal diameters 
to be introduced in order to vary the rate at which equalisation 
of pressure in the tube and reservoir took place. An experiment 
was conducted as follows. The tube was exhausted to a pressure 
below 2 cm., and connected to the reservoir by turning the three- 
way cock as rapidly as possible; an observer, looking through the 


Pig. 1. 



sealed end of the tube (shielded by a plate of glass), reported 
whether ignition bad or had not taken place. 

Shock Preliminary experimente, using 5 to 15 per 

cent, mixtures of ether in air and a tube 2 cm. in diameter, gave 
results varying with the diameter of lead used. It was also found 
that changing the length of the tube from 50 to 100 cm. affected 
the temperature at which ignition was obtained. These irregularr 
ties were presumably due to the differences in time taken to fil 
the tube withr the gas-mixture. Accordingly, a tube 7*5 cm. m 
diameter was substituted for the one previously used, so that be 
effect of changing the diameter of the lead could be investigat^ 
more easily. With a lead of 1 mm. diameter, igmtion took place 
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atf temperatures near 200*^, but, on using a lead of 5 mm. in 
diameter, it was found possible to obtain ignition at from 50® to 
These results were obviously too low, and observation showed 
that they were influenced by the position of the end of the tube 
relative to the furnace. Experiments were carried out to elucidate 
tJiis phenomenon, and it was found possible to ignite ether-air 
mixtures at the ordinary temperature and to ignite other gaseous 
mixtures at temperatures well below those commonly considered 
as their ignition -temperatures. The apparatus used consisted of a 
glass tube 7’5 cm. in diameter, which was connected to a reservoir 
of 16 litres capacity by means of a glass lead 80 cm. long and of 
1'9 cm. internal diameter. By using on the reservoir a cock of 
1'5 cm, bore, it was possible to equalise the pressure in the two 
portions of the apparatus very suddenly. Under these conditions, 
it was found that when the tube and lead were exhausted and kept 
at the same temperature as the reservoir (IG'o®), ether-air mixtures 
containing 5 to 16 per cent of ether were ignited on opening the 
reservoir cock. 

The ignition invariably took place within 15 cm. of that end 
of the tube remote from the reservoir. In most cases it resulted 
iu a pale blue flame, which travelled quietly along the tube, but 
sometimes gave inflammation sufficiently violent to shatter the 
glass. When using 7-5 cm. tubing, ignition could be obtained 
easily with 60 and 90 cm. lengths, even when the pressure in the 
reservoir was less than half the atmospheric. Ignition occurred 
in a 150 cm. tube only when the pressure iu the reservoir was 
greater than three-quarters of an atmosphere. When a 300 cm. 
tube was used, no ignition could be obtained at the ordinary 
temperature; a similar negative result was obtained with bottles 
30 cm. long and 11*2 to 12*5 cm. in diameter, that is, of approxim- 
ately the same capacity as the 90 cm. tube. A pad of soft leather 
iu the closed end of a tube of optimum length seemed to prevent 
ignition at the ordinary temperature, and a plug of cotton wool 
prevented ignition in precisely the same way. Replacement of 
the 7-5 cm. tube by one 2 cm. in diameter brought about the 
same result. It appeared to be immaterial whether highly purified 
;ether or the ordinary commercial variety was used for these experi- 
icients. Amongst the other gases tested were mixtures of hydrogen 
|snd the vapours of acetone and carbon disulphide with air. 
pilute carbon disulphide-air mixtures ignited at the ordinary 
temperature, acetone-air mixtures below 250®, and hydrogen-air 
pixtures below 450®, but these experiments were not continued, 
phe information at present available makes it appear highly prob- 
phle that this ignition is due to the shock caused by the sudden 

3 1 2 
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stoppage of the gas rushing into the exhausted iuhe. In this con- 
nexion, a statement made by Sir Charles Parsons in his inaugural 
address at the Bournemouth Meeting of the British Association 
(1919) is of interest. This was to the effect that during the work 
of a committee appointed by the Admiralty in 1916 to investigate 
the cause of abnormal propeller erosion, it was discovered that by 
allowing water to rush into an exhausted conical vessel, a pressure 
of more than 220 kilos, per sq, mm. was recorded at the apex of 
the cone. That ignition of a gas-mixture can be produced by a 
compression wave was demonstrated by Bradshaw {Proc. Roy. Sue.. 
1907, [A], 79, 236) for mixtures of carbon disulphide in oxygen 
and for electrolytic gas. 

Another factor, the actual rarefaction, must not be forgotten, 
Investigations by Mitscherlich (5er., 1893, 26 , 399) on tbe 
temperature necessary to explode mixtures of hydrogen and oxygen 
seem to show that the explosion point is reduced very appreciably 
by lowering the pressure. Agaiu, Labillardiere, Friedel and 
Ladeuburg. Stock and Guttmann, and others have shown that the 
temperature necessary for the ignition of mixtures of the hydrogen 
compounds of phosphorus, silicon, and antimony with oxygen is 
presumably lowered by reducing the pressure, and that explosion 
has been known to follow sudden rarefaction. In the course of 
the work described in this paper, the maximum reduction in sub- 
ignition-temperature of ether-air mixtures apparently obtained 
by reduction in pressure alone was only* 7°, that is, from 187® to 
ISC'®, as shown in Fig. 4. This appears to leave a fair margin for 

other factors. . , , 

The imporUuce of this “shock" ignition is obvious whether it 
be considered froin the theoretical or practical point of new, and 
it may quite well account for hitherto obscure ignitions met with 
in the course of solvent-recovery and mine work. The phenomenon 
underlying shock-ignition must also invalidate a good deal of 


’ ItUmpI to ElummiU .s7io,/.--,>//ufro«.-Oiie conceivable ine« 
of avoiding shock-ignition in the determination of suh-iguition- 
temjieratures would appear to be that m which 
appreciable flow before being stopped. ^ 

these conditions was made by joining a small bu g 

reservoir in snch a way that the distance between the buft a 
reservoir was as small as ,>os8ibU. A three-way tap was insert 
between the mervoir and bulb to enable the bulb to be exh u. ^ 
before an experiment. The bulb, which was made o glass, 
kept at any desired temperature by being almost en re y ^ 
in a bath of mercury. When once a connexion had been 
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between the bulb and gas reservoir, the tap was turned so as to 
close both, bulb and reservoir. If ignition took place, a flash was 
easily observed where the bulb-stem emerged from the bath. The 
bore of the bulb-stem was varied in different determinations. The 
results obtained when using a 4‘5 per cent, mixture of ether in 
air are given in table I. From them, it will be noticed that the 
effect of the size of lead is not completely eliminated by this 
method. 

Table I. 

Showing the Suh^gnition-temperatures of a 4*5 per cent, Ether- 
Air Mixture obtained by the Bulb Method, using Various Leads. 

Sub-ignition temperature when lead was 
Diameter ^ -s 


bulb in cm. 

Ordinary tube. 

Capillary. 

Fine capillary. 

4-8 

178-0° 

181-0° 

184-0° 

41 

179-0 

184-0 

185-0 

3-5 

180-5 

185-5 

188-0 


An interesting point observed in these experiments was the fact 
that when using a 4*5 per cent, mixture near its apparent ignition- 
temperature, explosion invariably occurred. On the other hand, 
when using the bulbs specified above with an ordinary capillary 
lead and the same gas-mixture, on no occasion did an explosion 
take place when the temperature of the bath was greater than 
197°. Above this temperature, a luminous flash was observed, and 
nothing more. A 6 per cent, mixture gave similar results, but a 
10 per cent, mixture gave no explosion at any temperature tried. 
All 8 per cent, mixture behaved in precisely the same way as a 
10 per cent, mixture, except that on one solitary occasion a violent 
explosion shattered the bulb. It is possible that a good approxim- 
ation to the correct sub-ignition-temperature could be obtained by 
using a very fine capillary tube and a fairly large bulb, but the 
experiment would not be without danger. 

Final Apparatus. — It was found that by making use of a fairly 
long tube and allowing the sealed end to project well out of the 
furnace, effects of shock-ignition were apparently eliminated. In 
this case, the point at which shock-ignition would have occurred in 
normal circumstances was well outside the heated zone, and on no 
one occasion was an ignition in the final apparatus observed to start 
outside the furnace. The lengths of tube used were as follows: 

2 cm. tube. 100 cm. 

4 cm. tube. 130 cm. 

5*5 cm. tube. 130 cm. 

The chief difficulty encountered was that of deciding when an 
ignition bad occurred. This was generally easy in the case of 
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shock-ignition, as not only was the flame fairly easily seen, but the 
products of combustion had a characteristic and powerful odour. 
In the case of dilute mixtures of ether in air and ether-alcohol-air 
mixtures containing small quantities of ether, however, the matter 
was quite otherwise. It was found almost impossible to distinguigh 
between an ignition and the glow given below the sub-ignition- 
temperature by combustion on the surface of the glass until travel- 
ling was taken as the criterion. This was, of course, due to the 
fact that the ignition at the lowest possible temperature of a mix- 
ture containing ether and air invariably commenced with what hag 
been termed the cool flame. This flame often requires a completely 
darkened room in order to be visible, but whenever any appreciable 
quantity of combustible mixture is present, it is liable to develop 
more or less rapidly into ordinary combustion and, possibly, 
detonation. That the volume of mixture present is an important 
factor can be seen from the fact that on no occasion did ordinary 
combustion develop in the 2 cm. tube within 150*^ of the sub- 
ignition-temperature. On the other hand, when using mixtures 
containing from 5 to 10 per cent, of ether in either of the other 
tubes, ordinary combustion was liable to develop, and certainly 
did develop if the temperature was a few degrees above that 
necessary for inflammation. Test experiments carried out with 
and without the thermo couple and thermometer in the tube showed 
that the presence of these instruments did" not appear to affect the 
result obtained. 

Fig. 2 gives the results obtained for the sub- ignition -temperatureg 
of various ether-air mixtures. It will be noticed that in the case 
of the 2 cm. tube, the results for dilute mixtures differ slightly 
according to the lead used. This is presumably due to the fact 
that combustion takes place to a relatively greater extent in the 
case of the smaller lead, making it more difficult to see the flame 
at the same temperature. On the other hand, above a certain 
limit, the internal diameter of the lead does not appear to affect 
the results obtained with the other tubes. Siirface action appears 
to be negligible in the case of ether-air mixtures of any appreciable 
concentration if the tube has a diameter of at least 4 cm. That 
the longer time taken to heat the larger bulk in a wide tube made 
little difference in the case of ether-air mixtures of concentration 
greater than about 4 per cent, was proved by adding 1*5 per cent, 
of the products of combustion of an ether-air mixture to a 5 per 
cent, mixture of ether in air. The sub-ignition-temperature was 
only raised 2®. It was found that no difference in sub-igmtioH' 
temperature could be detected when purified ether was 
by the commercial article. It is interesting to note from t e s 



Stib-ignition’-temperature. 
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of the curve in Fig. 2 that the ignition of ether-air mixtures by 
this method, depending as it does on the preliminary production 
of the cool flame, appears to be a molecular process requiring only 
a certain intensity of molecular movement for its production. The 
form of curve connecting minimum igniting current with composi- 
tion of ether-air mixture appears to be quite different. 

In Fig. 3 can be seen the sub-ignition-temperatures of certain 
ether-alcohol-air mixtures as determined in the 2 cm. and 4 cm. 



Percentage of ether in mixture. 

A. 2 cm. tube, I and 3 mm. leads, 

B. 4 cm. tube, 3 mm, lead. 

C. 5} cm. tube, 3 mm. lead. 


tubes. The number of points shown on each curve is not great, 
owing to the fact that the general form of the curves had been 
previously found when using smaller leads. Each point on the 
diagram is the mean of three determinations agreeing to within 
2° in the case of temperatures below 220® and to within 5® in the 
case of temperatures above this point. 

A consideration of the results given shows that the sub-ignition- 
temperature of an ether-alcohol-air mixture falls very rapidly 
when the amount of ether in the mixture is increased from I to 2 
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per cent. This drop is seen to take place with a smaller 
centage of ether in the case of the 4 cm. tube, and in both tubes 
with a smaller percentage of ether in the case of the mixture con- 
taining the smaller amount of alcohol. The curves also indicate 
the manner in which the addition of alcohol to an ether-air 
ture affects the sub-ignition- temperature. The elevation iu 
ignition-temperatures is roughly proportional to the amount of 
alcohol present provided the ether-content lies between 2 and 5 p^j 


Fig. 3. 



cent. For comparison, some results, obtained with 4 and 5-5 cm. 
tubes, are given in table IT. 


Table II. 


Showinfj the Suh -ignition -iempeTaiurts of Various Eiher-AIM- 
.4ir Mixtures containing 2 per cent, of Alcohol^ as dtitrmhwl 
in 4 and 5*5 cm. Tubes. 

Sub-igiiition-temperature for 


Percentage of 5*5 om. tube. 


ethos in ' 

mixture. 5 min. lead. 3* mm. lead. 

1 495® 500® 

2 220 222 

3 207 210 

5 201 205 


4 cm. tube. 
3 mm. lead. 
470® 
217 
203 
197 
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The sub-ignition-temperature determined with the 5'5 cm. tube 
is seen to be higher in every case than that obtained with the 
4 cm. tube. This is probably due to the fact that, owing to the 
larger diameter of this tube, the time of heating is necessarily 
longer, and hence slow combustion occurs more readily. 

With this tube, too, a slight but perceptible difference in sub- 
ignition-temperature is obtained when using 3 mm. and 5 mm. 
leads, as shown in table II. 

It was seen that in the case of dilute mixtures of ether in air 
the size of lead used, it small, affected the temperature obtained 
This effect was exceedingly marked in the case of ether-alcohol-air 
mixtures containing little ether. With small leads, it was found 
impossible to obtain consistent results. For instance, for a mix- 
ture of 2 per cent, of alcohol and 1-25 per cent, of kher in air 
when using a 1 mm. lead with the 4 cm. tube, a flash would 
occasionally be obtained below 300°, but one could only be certain 
of an ignition well above 400°. It was found, however, that if 
the cock connecting the tube and reservoir was turned on slowly, 
110 ignition was ever obtained below 400°. These differences 
vanished when leads of 3 mm. or more were used. 

The sub-ignition-temperatures of various alcohol-air mixtures are 
given in table III, 

Table III, 

Showing the Suh~ignition-temperaiures of Various Alcohol-Air 
Mut tires as determined in 2 cm., 4 cm., and 5 ’5 cm. Tubes. 

. Sub-ignition-temperature for 

Percentage of * . 

alcohol in 2 cm. tube 
mixture. (3 mm. lead) 

2 615 " 

3 505 

4 485 

5 480 

In the 4 cm, tube an explosion was often obtained with 4 and ii 
per cent, alcohol-air mixtures at 485®. The evidence as to the 
slower heating of the gaseous mixture in the largest tube is con- 
firmed by the figures given here, as the temperatures found in the 
case of the largest tube are higher than those for the smallest. 
It thus appears from the above figures that the nearest possible 
approach to the correct sub-ignition-temperature of an ether- 
alcohol-air mixture is obtained by means of a 4 cm. tube, it 
was found that almost identical results were obtained in the 2 cm. 
and 4 cm. tubes, whether 2 or 3 mm. leads were used, and that it 
was not important whether a 3 or 5 mm. lead was used for the 

3 l* 


4 cm. tube cm. tube 

(3 ram. lead). (5 mm. lead). 
500" 520" 

490 605 

470 600 

465 495 
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5*5 cm, tube. The suVignition-temperaturea considered most 
likely to be correct are summarised in table IV. 


Table IV. 

Showing the Suh-ignitiothfemperatvres of Various E ther-Akokul- 
Air Mixtures, 

Percentage composition of mixture by volume. ^ 

7- Sub-igmtion. 


Ether. 

Alcohol. 

Air. 

temperatures. 

3—15 

0 

97—86 

187* 

8 

2 

90 

189 

4 

2 

94 

198 

3 

3 

95 

203 

i> 

2 

96 

217 

1 

2 

97 

470 

8 

4 

88 

194 

4 

4 

92 

206 

3 

4 

03 

220 

0 

4 

94 

255 

j 

4 

95 

465 

0 

2 

98 

600 

0 

3 

97 

490 

0 

4 

96 

470 

0 

5 

95 

465 


The sub-ignition -temperatures of some acetone-air mixtures as 
determined in tubes of various diameters were found to vary in a 
manner similar to those of alcohol-air mixtures. The results given 
below were obtained when using a tube 4 cm. in diameter with a 
3 mm. lead. 

Table V. 


Showing the Suh-ignition-Temperaiures obtained for some 
A cetone-A ir ^f irtures. 


Percentage of acetone 
in acetone-air mixture. 
4 
8 

Saturated at lo'’ 


Sub-ignitioii- 

temperature. 

500" 

500 

505 


The ignition found for acetone was very faint at the suh-igmtm- 
temperaUre, but grew in intensity very rapidly as the temperature 

of the tube increased. , , 

Influence of Pressure. -During the course of preliminary 
on the determination of sub-ignition-temperat-ures 
mixtures, it was found that consistent results were no ob 
for successive experiments when the mixture in the reserve 
not renewed after each determination. This was 
to change of pressure inside the reservoir. Severs p 
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were therefore made in which the pressure in the reservoir was 
reduced by pumping out the gas-mixture before firing, and it was 
found that when the pressure in the reservoir after an experiment 
was plotted against the sub-ignition-tempcrature determined the 
curves shown in Fig. 4 were obtained. Other mixtures tested in 
the same way gave precisely similar results, and it was finally found 


Fig. 4. 



s 






ihat the easiest method of determining the accurate sub-ignition- 
«mperature of any given mixture under 760 mm. pressure was by 
tarting with a gas-mixture under about 900 mm. pressure and 
dotting a small portion of the pressure-sub- ignition -temperature 
urve. The results given in Fig. ‘i were obtained in this way. It 
be observed that the minimum sub-ignition-temperature 

3 I* 2 
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appears to be given at a lower pressure in the case of a mixture 
rich in ether than in the case of a dilute mixture. This is proi 
ably due to the fact that ‘there is a minimum quantity of ether 
per unit volume necessary to give visible luminosity under any 
given conditions. 

Influence of the Material of the Tuhe.—A consideration of the 
results obtained with various tubes shows that it was impossible to 
eliminate surface action entirely, probably owing to the fact that 
in the case of the larger tube the heating of a body of gaa is 
necessarily slower. It thus became a matter of importance to dis. 
cover whether the material of the tube had any influence on the 
result obtained. The simplest method of effecting this appeared 
to be by fitting a glass tube with a thin sleeve of the material under 
test. Accordingly, the 4 cm. tube was fitted with sleeves long 
enough to project beyond the furnace on either side, these sleeves 
bein<^ made of various metals that might conceivably be used in a 
manufacturing plant in the presence of gas-mixtures such as those 
considered. The results obtained are given in table VI. 


Table VT. 

Shou'iiif/ the Results obtained for the i^uhdfjmtiori-iemperatun oj 
and Akohol-Air Mirtures in a i cm. Tube prondd 
with an Internal Metallic Sleeve. 

Sub -ignition -temperature. 

Material of 4-3 per cent. 10-5 per cent. 5 per cent, 

sleeve of ether in air. of ether in air. of alcohol in air, 

Glass * 187^ 187^ 465’ 

178 178 400 

w iso iso 

m z 

Galvanised iron 184 

The figures given for copper and iron in the case of the alcotol- 
air mixture can only be regarded as rough approximations, owing 
to the rapidity with which these metals oxidised at the tempera- 
ture necessary for ignition. When the metal was oxidised to eny 
appreciable extent, different results were obtained. For instore, 
the sub-ignition temperature in the case of a copper sleeve oxi i 
in the course of ten experiments was 470“ In the case o 
ether-air a^d alcohol-air mixtures, the ignition commenced 
cool flame, but was invariably more violent in the prese 
metals, more particularly copper and iron, than wit 8 

Influence of the Vehciti/ of the Gae^mixture. 6 ^ 

dealt with in solvent-recovery are generally m mo , 
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decided to investigate to some slight extent the effect of the velocity 
factor on the sub-ignition-temperature^ obtained. ArrangemenU 
were therefore made by which the gas-mixture in a reservofr could 
be displaced by means of water, and the gas from this reservoir 
made to displace the contents of a second reservoir The eas 
mixture from tWs second reservoir was passed into a 4 cm tube 
120 cm long, which was kept at any desired temperature by means 
of an electric urnace The far end was partly dosed by means of 
a thick glass plate. It was found that once a steady state had been 
attained the velocity of the gas in the tube could be measured 
sufficiently accurately by estimating the rate at which water was 
iutrbduced into the first reservoir. An observer looking through 
the plate glass could easily see if ignition occurred. The sub- 
ignition-temperature for zero velocity was taken to be the lowest 
temperature at which ignition occurred after the gas supply had 
been cut off.^ The results obtained for two ether-air mixturL are 
given below in table VII. 


Table VII. 


f^howing the Effect of the Velocity of the GaMnixture fiowinq 
through a i cm. Tube on the Sub^gnition-temperatiire observed 


4*5 per cent, of ether in air. 

Velocity in Sub-ignition- 
cm. per second, temperature. 
0 187° 

6*0 195 


14 per cent, of ether in^air. 

Velocity in 

Sub-ignition- 

cm, per second. 

temperature. 

0 

186° 

10 

189 

5*5 

195 

8*0 

197 

13*0 

202 


The experiments carried out were sufficient to indicate that for 
^ery small velocities, increase of velocity causes an elevation of the 
uh-ignition-temperature observed. The velocities dealt with on 
ke manufacturing scale are, however, of a totally different order, 
anging from 100 to 400 cm. per second in various pipes. 
Jnfluence of the Presence of Glyceryl Trinitrate, Ethyl Hydrogen 
eroxide, and Diethyl Peroxide in the Ether Used. — Several 
tttempts were made to find if the presence of glyceryl trinitrate 
•1 an ether-air mixture affected the sub-ignition-temperature. In 
^0 case was any such effect discernible. In the experiments for 
^kich the results are given in table VIII, the glyceryl trinitrate 
^as introduced into the reservoir Iw passing the air used for making 
Ip tee mixture through a calcium chloride tube in which glyceryl 
‘mitrate was spread over glass wool, the tube and contents being 
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kept at 40° to 45°. Resulta obtained ia a 2 cm. tube were similai* 
to those given below, which were determined by using a 4 cm 
tube. 


Table VIII. 

ShoH'ing the Effect of the Premice of Glyceryl Trinitrate, Ethyl 
Hydrogen Peroxide, and methyl Peroxide on the Sub-ignitio„ ‘ 
temperatnre of Ether- Air Mixtures. 

Composition of Mixture. Sub -ignition- temperature 

5’ 3 per cent, of ether in air 187 « 

O' 3 per Mnt. of ether and 1-5 per cent, of diethyl 

peroxide in air 189 

3-7 per cent, of diethyl peroxide in air 189 

4'7 per cent, of ether and O' 5 per cent, of ethyl 

hydrogen peroxide in air 182 

5'3 per cent, of ether in air saturated with glyceryl 
trinitrate at 20® 187 

The presence of glyceryl trinitrate did not appear to affect the 
dame given by the mixture, but the presence of the peroxides 
caused a very fierce flame and generally an explosion. 

It was considered inadvisable to try to determine the siib- 
ignition-temperature of ethyl hydrogen peroxide in air. The per- 
oxides were found to be exceedingly dangerous to handle; even 
diethyl peroxide exploded violently on one occasion during 
distillation. 


Section TT. 

The Limits of Projyigation of Flame in Ether-AleohoJ-Air and 
A re ton e-A ir Jif I r tures. 

Many references are to be found in the literature to the limits 
of inflammability of mixtures of ether and alcohol with air, and 
some figures are also given for acetone-air mixtures, The limits 
determined by various workers are given below. 

Ether-Air Mixture. — T.iniita of inflammability. 

2'7 to 7*7 per cent, bv volume (Brunswig, ‘'Explosives,'’ 
first edition, 1912, p. 73), 

50 to 60 grama per cubic metre for lower limit (Marciiis, Met. 
and ('hem. Eng., 1916. 14 , 190). 

2’9 to 7'5 per cent, by volume (Lewes, J. Poe. 1915, 761). 
2-9 to 7 5 per cent, by volume (Schwartz, “Fire and FiXplosion 
Kiaks/' first edition, p. 35). 

O’ 058 to O' 195 gram per litre (Meunier, (hmpt. rend., 1907, 
144 , 1107). 
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Alcohol-Air Mixture . — Limits of inflammability. 

4*0 to 13*7 per cent, by volume (Brunswig, loc. cii.), 

4*0 to 13*6 per cent, by volume (Lewes, loc. cit.). 

3*95 to 13*65 per cent, by volume (Bunte and Eitner, J, Gas- 
heleucht, 1901, 44, 835). 

3 to 8*4 per cent, by volume (Thornton, Proc. Roy Soc 1914 

[.4], 90, 280). 

Acetone-Air Mirture , — Limits of inflammability, 

5 to 12 per cent, by volume (Brunswig, loc. cit.). 

2*15 to 9*7 per cent, by volume (Wheeler and Whitaker T 

1917,111,267). 

It will be seen that the results obtained vary considerably, owing 
to the different conditions under which the experiments were carried 
out and the various igniting sources used. This is to be expected, 
as the conditions governing the propagation of flame were not 
properly appreciated until recent years. The definition now 
adopted is that suggested by Coward and Brinsley (T., 1914, 105, 
1859), in which inflammability is regarded as a specific property 
of a mixture, independent of the size and shape of the vessel in 
which it may happen to be contained, and also of any particular 
type of igniting arrangement. They propose to define a gaseous 
mixture as inflammable per ae at a stated temperature and pressure 
if, and only if, it will propagate flame indefinitely, the unburnt 
portion of the mixture being maintained at the original tempera- 
ture and pressure. On this definition, inflammahility is a property 
of the mixture itself, although a function of the temperature and 
pressure. Dilution-limits, however, rarely vary much throughout 
the usual range of variation of laboratory temperature and 
])ressure. It will thus be seen that, in order to obtain satisfactory 
results in the estimation of clilntion-liniits, it is necessary to use a 
vessel (1) of such size that any cooling of the gas-flame by the 
walls can be neglected, and (*2) of sufficient length to enable a 
sound judgment to be made as to whether a flame would propagate 
indefinitely or no. 

For every gas-mixture examined, propagation-limits w’ere deter- 
mined for three directions upward, horizontal, and downward. 

Preliminary work seemed to indicate that in a glass tube 5 cm. 
in diameter, by u.-iiig a sulficieutly powerful initiator, it was 
possible to forc^ a flame through a mixture below the limit of pro- 
])agation to the end of the tube, unless it was at. lea.st. 120 cm. long. 
All the tubes for limit work were therefore made at least 150 cm. 
in length. 

The tubes consisted of : 

(1) Glass tul)es 2*5 cm. in diameter. 
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(2) Glass tubes 5 cm. in diameter. 

(3) An iron* tube 5 cm. in diameter. 

(4) An iron tube 15 cm. in diameter and 300 cm. long. 

The glass tubes and the 5 cm. iron tube were 150 cm. long. The 
glass tubes were closed at both ends by gas-tight stopcocks of 4 mm. 
bore, and a similar cock was fitted to one end of the iron tube, 
where a 5 cm. glass observation piece was cemented for observa- 
tion purposes. The cocks, in the case of the 15 cm. iron tube, were 
of brass and of 6 mm. bore. In this tube, inflammation was 
observed through three equidistant windows of thick plate glass, 
which were cemented into holders on the tube, These windows 

gave much trouble, and it was found impossible to render them 

gas-tight by using cement alone. Accordingly, caps were soldered 
over each window in such a way that, by inserting a 3‘7 cm. rubber 
stopper into the observation hole left in the cap, the whole 
apparatus could be made gas-tight. The stoppers were removed 
immediately before firing. This tube was filled by means of a 

filler similar to that shown in Fig. 1, the end of the filler being 

made to project well through a tightly fitting piece of rubber 
tubing drawn over one of the cocks. The filling was carried out 
precisely as described previously, a correction being always applied 
for the vapour of the solvent present in the air above tbe liquid 
in the filler. In the case of all the smaller tubes, the fillers were 
provided with ground -glass joint-s fitting pieces sealed on to the 
tubes concerned. All the air parsed in to make up any mixture 
containing alcohol or acetone was carefully dried by passage 
through a calcium chloride tube. The calibration of the tubes was 
carried out by weighing the quantity of water necessary to fill 
them. Ignition was effected by passing a spark from an induction 
coil between two electrodes of stout platinum wire separated by 
an air gap of 1 cm,, the current being obtained from six 2-volt 
accumulators. In the glass tubes originally used, the platinum was 
sealed through the glass, but as good sealing glass became scarce, 
this was found to be impracticable, and the electrodes used for all 
the tubes consisted of platinum in glass mounted in rubber 
stoppers. The original method of mixing the gases was by allow- 
ing the tube to remain for several hours, but this became in- 
advisable when rubber was brought into contact with the solvent- 
laden air. A little mercury enabled efficient mixing to be carried 
out by shaking the tube, but it was found that this affected the 
results obtained, and. finally, small glass beads were used. Coni- 

* This, and t he other iron tubes used in the invobtigation, consisted of temc- 
plate, that is, sheet-iron coated with an ^loy of lead and tin. 
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parative teste stowed that, when using an adequate number of 
beads, shaking a 6 cm. tube for twenty minutes gave satisfactory 
shown that, under these conditions, the same 
results were obtained whether the electrodes were held by small 
rubber stoppere or were sealed through the glass. Throughout the 
course of the work, the only tube that caused trouble was the 
5 cm. iron tube. The various cements used for fastening the glass 
observation cap to the main body of the tube seemed to hold 
solvent, and the results obtained for this tube cannot be considered 


Fig. 5, 



as trustworthy as those obtained witli the others. The mixing of 
the contents of the cm. iron tube was done very efficiently by 
rolling a 12’5 cm. perforated hollow copper ball from end to end. 

The apparatus used for deterininiiig the upper limit of propa- 
gation for alcohol-air and certain ether-alcohol-air mixtures con- 
sisted of a 5 cm. glass tube jacketed by enclosure in a wider glass 
tube, so that hot water could be continuously circulated round it. 
The arrangement uae<i is shown in Fig. 5. 

Two sets of this apparatus were fitted up, one as shown in the 
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sketch, arranged for experiments on downward propagation, with 
the electrodes at the same end of the tube as the ground-glass joint 
for filling the tube, and the other arranged for upward propaga- 
tion, in which the electrodes were at the end away from the ground- 
glass joint. For horizontal propagation, either of the above tubes 
was used and placed horizontally before firing. Some difficulty 
was encountered in sparking the mixtures contained in this 
apparatus, but by enclosing the leads in glass tubes, this was finally 
overcome. Naturally, mixing in these tubes could only be accom- 
plished by allowing the tube to remain for some time. 

The procedure in the case of any mixture can be seen by a 
consideration of the results given below. 

Experiment 21. — Glass tube, 5 cm. in diameter. 

Solvent mixture used, 75 per cent, of ether and 25 per cent, of 
alcohol (by weight). 


Lower limit, downward propagation. Temperature, 19®. 


Percentage of solvent-vapour in gas-air mixture (by volume). 


2‘70 Complete ignition. 

2-40 Flame just started. 

2-60 Complete ignition. 

2-50 Partial ignition. 

2-55 Flame went nearly to 

the end. 

2-57 Flame went very 

slowly to the end." 


Limit — 2-57 per cent. 


In the case of a lower limit, an accuracy of O’ 02 per cent, was 
aimed at; in the case of an upper limit, 0 0.5 per cent, was taken. 
In every instance, just before firing, the cock furthest removed 
from the electrodes was opened to allow a free passage for the 
gases. When the limit of propagation was being determined for 
a mixture of ether and alcohol, a liquid containing the requisite 
proportions of these two solvents was made up and used. A test 
experiment showed that this gave the same result as was obtained 
when the tw'o solvents were weighed into the tube separately. 

Eiher-AlrohoJ-Air Mixture!^. The results obtained for ether- 
aicohol-air mixtures in glass t\ibes are shown in table TX. 

The experimental res\ilts obtained with the 2*5 cm. tubes are 
not 80 trustworthy as those determined in larger tiibes, as can be 
«een from the results themselves. For example, the result obtained 
for the lower limit of an ether air mixture is least for downward 
propagation, and other anomalies could be pointed out in the same 
way. These iwegular results were probably due to the fact that 
it was only for downward propagation that the flame travelled 
more or less steadily. For upward propagation, it was sometimes^ 
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The figures marked thus were determined in the jacketed tube at 60®, and are, for this reason, not strictly comparable with 
the others, which were determined at air- temperature (20® ±2®). 
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obviously jerked out. Wheeler’s work has shown that only a very 
slight change in the limits takes place when the diameter of the 
glass tube is increased beyond 5 cm., so that this was the largest 
size of glass tube used. His work, however, was chiefly carried out 
with permanent gases. 

The most noticeable fact brought out in table IX appears to 
be the great difference between the results obtained for the upper 
limit for upward propagation and those obtained for propagation 
in other directions. These differences, which are normally due to 
convection currents set up by the flame, are not so great for per- 
manent gases. The difference between the upper limits for hori- 
zontal and for upward propagation is most marked, and it almost 
appears as if a different type of propagation were brought into 
being. It is quite conceivable that the heated gases, rising in 
the tube, are responsible for the initiation of a cool flame. 
The difference is not so great in the case of alcohol as it is for 
ether. 

The results for ether-alcohol-air mixtures in a 5 cm. glass tube 
are shown in Fig. 6, The results given for the upper limits were 
all determined at 60°. The graphed results for the lower limits 
and the upper limit for downward propagation form good 
approximations to straight lines, but this is not the case for the 
other two curves. At first sight, it seems very strange that, for 
the upper limit for upward propagation, the results for a mixture 
containing equal weights of ether and alcohol should be more than 
6 per cent, less than the corresponding figure for either ether or 
alcohol. A possible explanation appears to be afforded by an 
examination of the sub-ignition-temperature curves given in Fig. 3. 
From these, it will be seen that the addition of alcohol to an ether 
mixture raises the sub*ignition- temperature so that the slope of 
the two upper curves near the 100 per cent, ether point is in the 
direction to be expected. Similarly, the slope near the 100 per 
cent, alcohol point can be explained when it is remembered that 
it takes an appreciable quantity of ether to cause any decided 
lowering of the sub-ignition -temperature of an ether-alcohol -air 
mixture. That there is no apparent irregularity corresponding 
with that seen when the percentage of ether is between 1 and 2 
per cent, on the sub-ignition -temperature curves may be due to 
the fact that so few points have been determined on the limit 
curve; but it is far more likely to be due to the fact that the sub- 
ignition -temperature obtained for an ether-alcohol-air mixture 
containing, *=^ay,->2 to 2‘5 per cent, of ether, is due solely to the 
ignition of the ether present, and that the alcohol takes little part 
in the reaction. These remarks do not apply to curve (\ Fig. 6, 
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as in that case the flame obtained is undoubtedly that of ordinary 
combustion. ^ 

The limits of inflammability of a mixture of two or more gases 
with air are connected with the limits of the components of the 
mixture by Le Chatelier’s rule, which states that if n, n‘, n” . , . 


Fio. 6. 



25 50 75 100 

Ptrctntagt of alcohol 

Componiion of soIvcjU mixture lised {by weiyht). 


are the ])erc6ntage3 of various combustible gases in a limit mixture 
which will just propagate tlame. and .V. .V', .V*' . . . the limiting 
percentages of the separate gases tliat can propagate flame, then 

.V ^ A” + AT'' ^ 

In table X are given the values for Le Ch atelier's constant, 
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calculated from the results found for various ether-aloohol-air 
mixtures in 5 cm. glass tubes. 



The figures used for the upper limits in this table were all found 
at 60'^, those for the lower being determined, as usual, within 2° 
of 20^, It will be seen that in all cases for the lower limit and 
for downward propagation in the case of the upper limit, Le 
Chatelier's rule holds for mixtures of ether and alcohol with air, 
and consequently the limits for a mixture containing any propor- 
tion of ether and alcohol can be calculated with an error of not 
more than 3 per cent. For horizontal and upward propagation, 
however, the rule breaks down entirely. As would be expected, 
the greatest deviation from the rule always occurs for a 50 per 
cent, mixture. 

In table XI are given the results obtained when the same mix- 
tures were ignited in 5 cm. and 15 cm. iron tubes. The upper 
limits for ether-air mixtures are given in table XII. 


Table XI. 


Shou'in^ the Uemh$ ohiained in Iron Tuhei of 5 and 15 cm. 
Pi/tmeter for (hr Loirer Limits for the PrniHiffation of Fhivie 
in ('ertain Ether- Alcohol- A it Mirt tires at 20 ±3'^. 


Perccntag< 

3 composi- 





tion of solvent mix- 





ture by weight. 


Lower limits for propagation of flame. 



Diameter of 




Ether, 

Alcohol. 

tul>e in orn. 

Upwards. 

Horizontal. 

Downwards. 

100 

0 

5 

2-24 

2-29 

2-, 34 

100 

0 

15 

1 73 

1‘80 

1-93 

75 

25 - 

1,5 

2-24 

2*30 

2‘4B 

50 

,50 

15 

2-81 

2-89 

302 

25 

75 

15 

3*48 

353 

3’66 

0 

100 

15 

4 16 

4'23 

4*37 
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Table XII. 

the Upper Limits for Propagation ohtaincd for Ether- 
Air Mixtures in 5 and 15 cm. Iron Tubes. 

Value of limit and direction of pro- 
pagation. 

Diameter ^ 

of tube. Upwards. Horizontal. Downwards. 

5 15-45 7-95 6-70 

15 23-30 22-30 6-50 

A comparison of these results with those given in table IX shows 
that for all three directions of propagation, the lower limit, as 
found for 5 cm. tubes, is greater when the tube is made of iron, 
as would be expected from the greater conductivity of this material. 
The reverse relation holds in the case of the upper limit obtained 
for ether-air for upward and horizontal propagation, but in the 
case of the downward propagation, the figure obtained for the iron 
is greater than that obtained for a glass tube of a similar size, or 
even for the 15 cm. iron tube. As this result appeared peculiar, 
a fresh detenuination of this limit was made, but the composition 
of the limiting mixture was found to he tbe same as that found 
in the first experiment. A comparison of the limits obtained in 
the 15 cm. iron tube with those previously determined (see tables 
IX, XI, and XII) is instriictive. It will be seen that, in every 
case the lower limit of a mixture is least in the case of the 15 cm. 
tube. The difference is very appreciable where a mixture contains 
a fair amount of ether, but is not so great where alcohol is present 
in excess. The upper limit, again, is always found to be greatest 
ill the case of the 15 cm. tube, if we except the anomalous result 
obtained for downward propagation determined in the 5 cm. iron 
tube. These results may be duo to a decrease in the cooling effect 
of the walls, or may possibly be due to turbulent motion in the 
gas caused by convection currents, as found by Wheeler and Mason 
(T,, 1917. 111 . 1044) in the case of velocity of llamo. An item in 
favour of the latter supposition i.s provided by the exceedingly 
high figure obtained for the upper limit for horizontal propagation 
ill the 15 cm. tul>e. On the other hand, the flame observed in the 
case of upward and horizontal propagation in the 15 cm. tube 
resembled very closelv the cool flame of ether, and the character- 
istic odour following such a flame was observed. The lower-limit 
results for iron tubes are shown graphically in Fig. 7. The figures 
in table XII I show that Le Chatelier's rule holds moderately well 
for the lower-limit results olflained in the 15 cni. iron tube. 
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Table XIII. 

Showing the Value Found for It Chatelier's Constant from the 
Figures obtained for the Lower Limit for Propagation^ using 
Ether-Alcohol-Air Mixtures in the 15 cm. Iron Tube, 

Values of constant given by mixture of 
percentage composition by weight 

shown. Percentage 

X-' ■ " ■ — ' ' ' ' maximum 


Direction of 25 ether. 60 ether. 75 ether. variation 
propagation. 76 alcohol. 50 alcohol. 26 alcohol, from unity. 

Downweuds 1'028 1'026 1*026 3 

Horizontal 1*028 1 036 1 022 4 

Upwards 1*039 1'038 1*031 4 


Fig. 7. 



Percentage of alcohol. 


Conpotitim oj the tiMr-olcohol mixture uaed (by uieigbl). 

Acetone.-EtJifr-Air Mixturet.—Omng to the differences m 
reeuiU obtained for 5 cm. glass and 15 cm. iron tubes, particularly 
for ether-air mixtures, it was decided to determine the propaga 
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tion of flame limits of certain ether-acetone-air mixtures in glass 
and iron tubes, as it was considered likely that results differing 
from those published by Wheeler and Whitaker (loc, cit,) for 
acetone-air mixtures would be obtained. The results of our 
experiments are shown in table XIV, those of Wheeler and 
Whitaker being given in table XV. 


Table XIV. 


Showing the Propagation 
"Ether- Air Mi^turet, 
20 ± 2 ° 


of Flame Limits obtained for Acetone- 
using Various Iron and Glass Tubes at 

Percentage of solvent in limit mixture and 
direction of propagation. 


Percent^e com- 
position of 

mixture by Material Upwards. 

weight. and ‘ ^ 

^ * — ■, diameter of Upper Lower Upper Lower Upper Lower 


Horizontal. Downwards. 


Ether. 

0 

Acetone, tube. 

100 Iron 5 cm. 

limit. 

limit. 

3-80 

limit, 

limit. 

3-90 

limit. 

limit. 

400 

Q 

100 

Iron 16 cm. 

12-40 

2-88 

12-40 

2-89 

10-90 

3-11 

0 

100 

Glass 5 cm. 

12-20 

2-89 

9-15 

304 

8-35 

3d5 

25 

75 


11-20 

- 

8-55 

- 

7-75 

— 

50 

60 

»» 

11-70 

2-34 

8-25 

2-39 

7-25 

2-49 

75 

25 


13-20 

- 

8-15 

— 

0-6.5 

— 

100 

0 

,, 

1.5-75 

1-03 

8-00 

2-05 

0-15 

2-15 


Table XV. 

Slmcing the Propagation of Flame LimiU as determined hy 
V/httler and Whitaher for Acetone-Air Mlriures in Glass 
Tubes of Various Diameters. 

Percent of acetone in limit mixture and 
direct ion of propagation. 


Upwanhi. Horizontal. Downwards. 


Diameter of 
tube in cm. 
2-5 

Upper 

limit. 

7-5 

Lower 

limit. 

2-,30 

Upper 

limit. 

0-7 

Lower 

limit. 

2-40 

Upper 

limit. 

6-5 

Lower 

limit. 

2-75 

6-0 

9-6 

2-20 

9-3 

2-25 

8-3 

2-40 

10-0 

9-7 

2-15 

9-5 

2-20 

8-5 

2-35 


It will be seen that our results differ considerably from those 
previously published. In moat cases, they are considerably higher. 
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The explanation is almost certainly to be found in the fact that 
in our method the solvent was weighed directly into the tube, 
whilst in the other the acetone present in any mixture was 
estimated by analysis. That our method is the more accurate, as 
well as the easier, is obvious, but such a large discrepancy can only 
be explained by some abnormality in the behaviour of acetone 
during storage if the methods of analysis employed were not faulty. 
That such abnormal behaviour does take place when acetone vapour 
is stored over mercury is rendered extremely probable when tbe 
facts underlying the molecular association of acetone suggested in 
the paper hy Wheeler and Whitaker are considered. 

In this connexion, too, a quotation from the above paper might 
prove instructive. When discussing the analysis of the mixtures 
used, the following statement is made: “A supply of air was 
saturated with acetone vapour at 15® and 760 mm., when it con- 
tained 13*5 per cent, (hy volume) of acetone, and used as a stock 
mixture from which the experimental mixtures could he prepared 
by the addition of air. , . . Consistent results were obtained by 
either of the absorption methods of analysis. Thus, a mixture, 
known to coniain ah out 6*5 per cent, of acetone, gave on analysis: 

"(1) Sodium hydrogen sulphite method . . . 6*50, 6*45, 6*54, 
6*55. 

*‘(2) Distilled water . . . 6*40, 6*56, 6*54, 6-50, 6*51, 6-51. 

"Absorption by distilled water seemed, therefore, to afford a 
sufficiently accurate method of analysis.” 

The mixture "known to cont-ain about 6*5 per cent, of acetone” 
was apparently made up by diluting the requisite quantity of the 
stock solution'with a calculated volume of air. The accuracy of 
the method of analysis appears to be assumed from the fact that 
results approximating closely to the calculated figure were obtained. 
An examination of published figures for the vapour pressure of 
acetone at 15®. however, shows that a stock solution of air saturated 
with acetone vapour at this temperature at 760 mm. pressure would 
contain more than 19 per cent, of acetone (by volume), the vapour 
pressure of acetone at In® being given by Sameshima (7. Ainer. 
Chem. Soc., 1918, 40 , 1482) as 147 mm. Extrapolation from 
Regnault’s results gives a very similar figure- -about 150 mm. 
Raising Wheeler and Whitaker’s results in the ratio of 19;13 o 
would often bring them much nearer to those obtained by us. 

The results obtained for lower limits in the 15 cm. iron tube are 
strikingly similar to those obtained in a 5 cm, glass tube (see 
table XIV). for upward propagation the upper limits are also 
very near. There are, however, very marked differences m the 
other figures given for the upper limits. It is worthy of note a 
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the upper limits for upward end horizontal propagation are here 
identical in the case of the 15 cm. tube. The results obtained 
when using the 5 cm. iron tube show clearly what a large effect 
the conductivity of the material of the tube has in this case. The 
results obtained in 6 cm. glass tubes for the propagation of flame 
limits of ether-acetone-air mixtures are shown graphically in 


Fiq. 8. 



25 50 75 199 

of ocdom. 

Composition of mixturf’ risrd (6t/ weight). 


Fig. 8, It will be notice<i that the upper-limit curves present the 
peculiarities commented on in the case of ether-alcohol-air 
niixtures, although to a les-s extent. 

The figures given in table XVI show that he Ch atelier s rule 
holds moderately well for ether— acetoiie-air niixtures, except in 
the C 2 k»e of the upper limit for upward propagation. 
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Table XVI. 


Shou'inf; Values obtained for Le Chaielier'g Constant for the Limits 
for Propagation, using Ether-Acetont’-Air Mixtures in iht 
5 cm. Glass Tube at 20 ±2°. 


Limit. 

Upper 

Upper 

Upper 

Lower 

Lower 

Lower 


Value of constant given by mix- 
ture of percentage composition by 




weight shown. 

Percentile 


/ 

■ ^ N 

[maximum 

Direction of 

25 ether. 

50 ether. 75 ether, 

variation 

propagation. 

75 acetone, 50 acetone. 25 acetone. 

from unity. 

Downwards 

0-997 

1 005 0-997 

1 

Horizontal 

0-962 

0-959 0-981 

4 

Upwards 

0-875 

0-866 0-910 

13 

Downwards 

— 

0-952 — 

6 

Horizontal 

— 

0-953 — 

5 

Upwards 

— 

0-987 — 

1 


Influence of Temperature.—Vat influence of temperature on the 
limits of inflammability of gaseous mixtures has been studied by 
Bunte and Roszkosski (J. Gasheleucht., 1890, 33 , 491, 524, 535, 
553), Taffanel {Compt. rend., 1913, 157 , 595), Burrell and Robert- 
son {United States Bureau of Mines, Technical Paper No. 121, 
1916). and Mason and Wheeler (T., 1918, 113 , 45). The experi- 
mental work of Bunto and Roszkosski appears to have been 
defective, but the other workers found that the inferior limit of 
inflammability of methane-air mixtures was lowered by increasing 
the temperature of the gas-mixture before ignition. Mason and 
Wheeler also showed that the upper limit of inflammability of 
methane-air mixtures became much greater under these conditions, 
so that increasing the original temperature of the gas widens the 
limits of inflammability of methane-air mixtures. This would be 
expected from the fact that the self -propagation of a flame through 
a combustible mixture is only possible when the heat due to the 
reaction between the combining ga^es is sufficient to make up for 
losses due to radiation, conduction, and convection, whether the 
heat lost is dissipated or utilised in raising adjacent layers of the 
gas to the inflammation temperature. The heat of reaction neces- 
sary and the heat dissipated must obviously be less in the case 
where the original temperature of the ga.seous mixture is higher. 
A few figures are given below to show to what extent the limits 
of inflammability are affected by temperature. 
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Table XVII. 

Shotviiiff some Results obtained by Mason and W/tceler for the 


Downward rropar/ation of Flame in Mixtures of Methane 


and Air. 

Initial 

tcmpemturc. 

Lower limit. 

Upper limit. 

20'’ 

6-00 

13-40 

100 

5-45 

13' 50 

200 

5-05 

13-85 

300 

4-40 

14-25 

500 

.3*65 

1.5-35 

700 

3*25 

18-75 


In the circumsUnoes, it was decided that it would be unnecessary 
to do more than find the change in the ui)per Hrnii of ether-air 
mixtures with temperature. These experiments were carried out 
in the jacketed tube utilised for the upper limits of alcohol and 
ether-alcohol-air mixtures. The results obtained are shown in 
table XVni. It will be seen that a decided rise in the upper 
limit for propagation takes place when the initial temperature of 
the mixture is raised through 40*^. 


Table XVIII. 

^lanrimi how the U pper Limit for the I’roparfaiuui of Flame Varies 
with the Initial Temperature of the Ether-Air Murivre Used. 


Diroction of 

propagation. himit at tI0°. Lijjiit at 60’. 

Upwards 1705 

Horizontal ... 800 1 3-00 

Downwards ... 615 7*45 


jn^ntnu of Fresmrt.- 'the iiitluence of pressure on the limits 
of inllammability of gases over any large range is by no means easy 
to predict, although it is well known that the lower limit of in- 
flammability of many gas- air mixtures increases at diminished 
pressures. Terres and Plentz (./. Gasbihueht .. 1914, 57, 990, 
100b 1016, 102D), Burrell ami Robertson [lor. eit.), and Mason 
and Wheeler (loc. have investigated the effect of pressure on 
the limits of inflammability of mixtures of methane with air. The 
general conclusions to l>e drawn from their "work appear to be that, 
below atmospheric pressures, decreasing the pressure narrows the 
limits of inflammability, but that above atmospheric pressure, 
increasing the pressure raises both the limits of in flam in ability. 

The work done by us was cou fined to pressures at or below atmo- 
spheric pressure, and the results are shown in table XIX and XX, 
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Table XIX. 

iihQU'iiHj the Influence of Preaure on the lAmite for Horizontal 
Pro'pagaiion of Flame in Ether-Air Mixtures, 

Percentage of ether in mixture. 


Pressure in mm. 

At lower limit. 

At upper limit. 

770 

1-87 



751 

— . 

12*90 

600 

— 

1050 

520 

— 

9*20 

460 

1-88 

— 

450 

— 

8*20 

420 

— 

7-90 

400 

— 

7-80 

300 

1-92 

7-30 

200 

2«08 

6-80 

100 

2-33 

6*10 

50 

2-99 

500 


Table XX. 



Showing the Infiutncc of Pressure on the lAviiis for Downward 
Propugaiion of Flame tn Ether- Air Mixtures, 


Pressure iu nmi. 
600 
500 
400 
300 
200 
100 
50 


Percentage of other iu inix^ 
turo at lower limit. 

H'20 

6'20 

6-20 

6’20 

.VOO 

r>r)0 

No ignition. 


It will he noticed that the results obtained near atmospheric 
pressure iu the case of these experiments differ appreciably from 
those found by the ordinary method as given in table IX. This 
is due to the fact that all the experiments given in tables XIX 
and XX were carried out with both cocks closed. The type of 
ignition obtained was also very different ; for instance, the ignitions 
obtained when determining the upper limit for horiioutal propaga- 
tion under 600 and 751 mm. pressure were characteristic, slow, cool 
flames which could not be seen except iu a totally darkened room. 
It was found that any attempt to determine the limits for pro- 
pagation of ether-air mixtures for pressures greater than atmo- 
spheric in the glass tubes available merely shattered the tube. 
The curves given by plotting pressure against the percentage of 
ether in the limiting mixture are given in Fig. 9. That for hori- 
xontal propagation is interesting. It was at pressures above that 
at the peculiar bend marked x that the cool flame became notice- 
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able. Below this pressure the flame was of a green colour and 
traversed the tube very rapidly in a manner similar to that noticed 
for the lower limit a? corresponding pressures. 

Influence of Velocity, — Under present-day conditions of solvent- 
recovery, a good portion of the solvenb-air mixture is often in rapid 
tnotion. It therefore became a question of determining, so far as 
was possible in the laboratory, the effect of velocity on the limits 
of propagation of solvent-air mixtures. Owing to the fact that no 
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S88KS 


881 


■■■■■■I 


10 a 12 


ParctrUage of ether in mixture. 


real approximation to manufacturing conditions could be attained, 
the work done was confined to ether-air mixtures. 

It has long been known that a moving mixture of combustible 
gas and air, too weak to piopagate flame, can carry a cap of flame 
to a great distance from an igniting source. Wheeler has also 
proved that a mixture below the lower limit of propagation, when 
in a quiescent state, can often inflame when agitated. The speed 
of props^ation o£ flame is also notably dependent on the degree of 
mechanical agitation of a mixture, and various experiments on the 
effect of agitation on gas-mixtures ami oii the rate of development 
of pressure when gaa-mixtures are ignited are given by Clerk and 
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Hopkinson (Rep, Brit. Absoc., 1912, 200), Clerk (“Ganet Lecture, 
Junior Institution of Engineers, 1913), and Wheeler (this voL, 
p. 81), So far as we know, however, no figilres have as yet been 
given for the effect of the velocity of a gas-mixture on the limits 
of its propagation of flame. 

The methods used for moving the mixture and determining 
velocity were those described under sub-ignition-temperature. 
Great care had to be taken in determining the upper limit for pro- 
pagation against the gas- current, as the flame passed with great 
velocity down the 10 mm. bent glass tube joining the limit tube to 
the reservoir. This gave very little time for preventing the flame 
from getting into the reservoir. The results obtained are given iu 
table XXI. 


Table XXI. 

Shouing the Effect of the Linear Velocitg of an Ether-Air Mixture 
on its Downward Propagation of Flame Limits^ as detemintd 
m a 5 cm. Glass Tube at 20 ±2®. 


Flame moving in the direction of gas current, 



Percentage of ether 

Percentage of ether 


in mixture at 

in mixture at 

Velocity in cm. per sec. lower limit. 

upper limit. 

0 

2 i:i 

6-15 

i 

1*97 

640 

3*5 


6'50 

0 

1-95 

6-65 


Flamo moving tho gaa curroul. 

0 

213 

6- 15 

1 

— 

6*25 

3-5 

— 

6-25 

0 

— 

6*25 

It was found 

to be impossible to find the lower limit of propaga- 

lion when the flame was moving against 

the stream, as it inerelv 

became a (question of the velocity of the stream as compared with 

that of the flame in the mixture used. 

It will be seen from the 


Upper portion of the table that the velocity of the gas-current 
affects very appreciably the percentage mixture which will pro 
pagate flame. That a portion of this change is due to turbulence 
caused in the gas, however, appears to be very likely, for, in the 
cases tried, when the flame moves against the gas-current with any 
real velocity, the upper limit is always the same. 

The figures given for zero velocity in table XXI are those found 
with one co<A: closed in the ordinary manner. As conditions are 
slightly different when both cocks are open, it was decided to try 
so^ an experiment The upper limit found under these conditions 
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was 6*30 per cent., but the convection due to the flame probably 
caused this figure to be a little high, on account of the air drawn 
into the tube during the passage of the flame. It almost appears 
as if, when a flame is travelling against a gas-stream, the turbulence 
due to the velocity of the stream practically balances the effect 
of that velocity in hindering the propagation of flame. 


Influence of the Presence of Ghjcenjl Trinitrate, Diethyl 
Peroxide, and Ethyl Hydroyen Peroxide. 

In the experiments to determine the effect of glyceryl trinitrate 
on the limits of propagation for ether-air mixtures, the mixture 
used was charged with glyceryl trinitrate, as described under the 
experiments on the determination of sub-ignition-temperatures. 
The results obtained when using ether-air mixtures containing 
diethyl peroxide and ethyl hydrogen peroxide are given in 
table XXII. 


Table XXII. 

^yu'iny the Effects on the Limits of pTopnfjation of Flame of 
ndding Amounts of Glyceryl Trinitrate, Diethyl Peroxide, and 
Ethyl Hydrogen Peroxide to Certain Ether^Air Mixtures. 


Direction of 


Mixture used 

Percentage of 
ether in limit 

propagation. 

Limit. 

(with air). 

mixture. 

Upwards 

Lower 

Ether. 

193 

Downwards . - . 


,, 

215 

Upwards 

Upper 


6'15 

Lower 

Ether saturated with glyceryl 

1-95 

Downwards ... 

Upper 

trinitrate at 20^. 

6 15 


Lower 

Diethyl peroxide, 

2-34 



Ether containing 25 per cent, of 

2-18 


Upper 

diethyl peroxide by weight. 

10- 1 


Lower 

Ether containing 10 per cunt, of 

217 


Upper 

80 per cent, ethyl hydrogen 
peroxide by weight. 

6'0 


The peroxides of ether are calculated as ether in making up the 
percentage volume occupied by the solvent in the limiting mixture. 
It will be seen that glyceryl trinitrate appears to have no effect 
on either limit, and that the peroxides have little effect on the 
lower limit, but that they raise the upper limit very appreciably. 

The glyceryl trinitrate did not appear to affect the flames given, 
but the flames, when pero.xidcs were present, were invariably fiercer 
than when ether alone was used, except, perhaps, at the extreme 
limit. 

VOL. cxv. 3 K 
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SECTION III. 

InveHigaiion of Various Means of Ignition. 

A series of experiments was carried out in which sparks obtained 
by various means were used for attempting to ignite ether-alcohol- 
air mixtures. It was found that steel to steel, em^ry to steel, and 
pyrites to steel sparks appeared to be unable to cause the inflanima- 
tion of any of the many mixtures tested. Ferro-cerium to steel 
sparks, however, Ignited most mixtures very readily. The igniting 
powers of a small gas flame and a moderately powerful electric 
spark appeared to be of the same order, and both almost invariably 
wave rise to ordinary combustion, the limits of propagation of flame 
Linv naturally identical in the two cases. In the case of ether- 
alcohol-air mixtures, quick heating of a mixture, up to, but not 
far above, its sub-ignition-temperature, seemed to give rise to a 
cool flame' which had limits for propagation varying from those of 
ordinary inflammation. 

The Cool The difference in propagation-limits for the 

two methods of combustion was particularly noticeable in the case 
of concentrated ether-air mixtures, as the flame travelled easily 
throuc'h a 20 per cent, mixture in a horizontal tube 4 cm. in 
diameter, although the upper limit for the propagation of ordinary 
combustion in a 5 cm, tube would be 8 per cent. No deter- 
minations of the limits for propagation of a cool flame were made, 
but ex])eriments carried out for other purposes indicate that it is 
unlikely that such a flame could propagate downward through a 
mixture containing much more than 6 per cent, of ether. This 
flame was occasionally observed when electrical ignition was utilised, 
more particularly with high concentrations of ether or low 
pressures. It appeared, as stated by Perkin, to require very little 
oxygen, and the products of combustion were characteristic. It 
was found that the addition of less than 1 per cent, of oxygen to 
a mixture of 9 per cent, of ether in nitrogen was sufficient to give 
luminous combination below 220^ The increase of temperature 
caused by this flame in a mixture containing less than 3-5 per cent, 
of ether and heated to its sub-ignition-temperature was insufficient 
to be indicated by the fine thermo-couple registering the tempera- 
ture of the gas in the ignition tube. The increase of pressure 
caused by it was also very small. This was measured roughly by 
its effect on -a column of mercury so arranged that after ignition 
tile mercury in both limbs of a U*tube would be level. The mean 
of three experiments with a 3 9 per cent, mixture gave a momen ary 
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increase of pressure equal to 3 or 4 cm. Mixtures containing more 
ether gave far greater pressures. 

It was found that a 0'3 cm. mesh iron gauze, or a 0-2 cm mesh 
brass gauze, prevented the passage of a cool llarne down a -lass 
tube 7 cm. in diameter. ° 


Difciission of Hesiidtf. 

The sub-ignition-tem],erature figures given above a-ree fairly well 
with ignition-temperatures previously published for alcohol and 
acetone. The sub-ignition-temperature given for ether-air mix- 
tures. however, whilst agreeing almost exactly with the i-iition- 
temperature given liy Alilaire, difl'ers iiotablv from the othei°fi-iires 
available. The diftereiice i.s iirobably to lie aoooiirited for by the 
tact that in the methods employed to obtain these, no account was 
taken of the cool llaiiie of ether the cool llaine of alcohol can onlv 
1,0 obtained near the temperature at which an explosion or ordinary 
combustion occurs directly. Tliis may be ju^tirlable and nece.s 3 ary 
ill the determii'atioii of ignitioii-twnijcratures, but involves the 
neglect of a iiheiiomenoii wliich cun, and very often does, give rise 
to ordinary combustion under suitable conditions. .Moreover, these 
coiidilioiis are precisely those liable to obtain during solvent- 
recovery on the iiiaiiufacturing scale, namely, the pr(-.°euce of a 
large volume of the solvent-air mixture and some degree of 

Tlicit oniitiary coriilni.^tion o!’ a (lanefM'oiLs nature could l^e caused 
liy heaiiiu^ au ether-air ini.xturc in tubes to wa? proved 
again and ai^aiii when udiu^ .] :>•:) cm. tubes, particularly if 

the perceniai:e of solvent lay iM'twecii 5 aiifl 1). That this result 
was a genuine one was jiroved liy stopping a current oi ether in 
air llowiug along a glass tulie kcpi at IS?" Ignition of the ether 
occurred in every c;i-e. Tlie Hi. tliod eiuphiyod to determine suli- 
igmtionlemjieratures thus ap].e:irs to be a practical one. and also 
has the advantage of Indiig eadly adaptalde to determine the effect 
of suhstituting for glass any material that might be used in 
manufacture. 

The ignition observed by Alilaire inu>t iiidubitablv have com- 
menced as a cool flame . Th«» tomjieratures neces-arv to obtain 
i^tich a flame in mixtures containing fair (piantities of ether, as 
shown hv us. are fairly tmar the tenij-eratures attainable in a steam- 

eated building, particularly when it is considered that the presence 
of metals lowers the snb-ignition (onp^erature appreciably. On the 
er hand, the results p-rt-vinusly obtained for the ignition- 

3 K* 
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temperature of ether-air mixtures are far above those one can 
conceive of being attained in such a building, except in the most 


extraordinary circumstances. 

The results show that a quiescent gas appears to be more easily 
ignited than one in motion, but the experimental work covers only 
a very small range of velocities, and in any case the propagation 
of flame is more easily and quickly carried out by gas in motion. 

The presence of glyceryl trinitrate in a gas-mixture, as was 
anticipated from its amount, does not seem to affect the tempera- 
ture of sub-ignition or the limits of propagation of flame. The 
peroxides sometimes present in ether in very small amounts can, 
however, affect both ite ignition and it-s propagating qualities if 
present in sufficient quantity. Our work seems to indicate that 
their influence in causing primary ignition could only be inappreci- 
able, although it is quite conceivable that they could well affect 
the change from cool to ordinary flame. 

Reduction of pressure appeared to. cause a lowering of the suh- 
ignition-temperature of the mixtures examined, but the effect of 
p%ssure alone within the range of variation of atmospheric pressure 
can scarcely have a practical influence on the ignition of 
solveiit^air mixtures, as for ether— air, for example, a reduction of 
pressure of 10 cm. near atmospheric pressure caused a variation in 
the sub-ignition-temperature of less than 2^. 

The onlv phenomenon that could be expected to reduce the sub- 
i'^nitioii-tenijjerature of ether— alcohol— air and ether— air mixtures 
below the daiu-rer limit is thus thkt described as shock ignition. 


\Vith a difference of pressure of less than half an atmosphere, it 
was pos.dble by this method to ignite a gas-mixture at least 170° 
below its sul>-i"iution -temperature, so that it is quite conceivable 
that the development of sudden differences of pressure on the manu- 
facturing scale might easilv be the determining factor iu bringing 
about ianiLion of the solvent-laden air. Exactly how this is to be 
brought about can only be conjectured, as our inside knowledge 
of gas-ignition, particularly as regards this fresh phenomenon, is 
very limited. The present work has shown how many accidents 
could hap])en, but much remains to be done before any soun 
explanation can be given of such a conflagration as was described 
in The Times of March 28th, 1919, when a bottle of ether exploded 
in a miliUry hospital at Houthage. According to the same report, 
explosions of bottles of ether are of somewhat frequent occurrence. 

The results given in the older work for the limits for propaga^ 
tion of flame in ether-air mixtures are 1-8 per ^ 

9 per cent., the latter being apparently far out, ^^st ho^ 
alcohol-air mixtures agree fairly well with our results, particula . 
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as regards the lower limit. The change from 5 cm srkss to l<; ^ 
iron tube affects the results for the upper limit for horizontal and 
upward propagation m ether-air mixtures very materially the 
limits becoming well over 20 per cent, in each case instead of 
8 per cent, for honzontal propagation and 16 per cent.’ for Jplrd 
propagation. The extreme limits determined for ether-air^ mix 
lures are thus 173 and 23-30 per cent. The upper limit for prm 

be 18 95 at 60 As this figure was well above the highest con- 
centration of alcohol vapour obtainable during normal recov“v 
there was no point in repeating this in the 15 cm. iron tube The 
lower limit of propagation for alcohol-air mixtures was only very 
dightly altered in the large iron tube, falling from 4-24 ner cent 
in the 5 cm. glass tube to 4' 16 per cent ^ 

The results for the propagation of 'flame in ether-alcohol-air 
runvlures obtained dunng th.s investigation are distinctly interest- 
,ng. It IS found that Le Chatelier’s rule holds for all diLtions of 
propagation for the lower limit, and for the upper limit for down- 
ward propagation.^ The rule does not hold for the other two direc- 
tions of propagatmn for the upper limit, the discrepancies being 
very considerable m the case of upward propagation. Wheeler’! 
work on acetone-air mixtures has already been discussed, and it 
may suffice here to state that the limits given by him are 2-15 and 
9-7 per cent., our results being 2-88 and 12-40 per cent The lower 
limit of 5 per cent, given by Brunswig is obviouslv wrong, but the 
upper-hmi figure of 12 per cent, is very near that found by us 

It wil be seen that the effect of temperature and pressure 'on 
the hnnts for the propagation of ilanie in ether-air mixtures is 
quite material. The influence of the velocity of the gas-current 
MS not examined throughout a sufficient range to enable sound 
coudusions to be drawn as to its effect under manufacturing con- 

1 ions, but It IS fair y clear that, a margin must be allowe!l for 
this factor when dealing with the limit results obtained The 
presence of 1 per cent, of the peroxides of ether in ether-air mix- 
tures appears to have no apprecialile effect on the lower limit for 

ouU be sufficient peroxide present under practical conditions to 
■ilTect the upper limit materially. 


^um mart/. 


Jl* liescrihed by McDavid {he. cit.) gave 

from 85jo‘’to'°i06*8“^*Th“'" ?! ^ther-air mi.xtures results varying 
to iub8 . Ihe uietlKKl aeomed to he untrustworthy. 

3 K* 2 
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The other method used seemed to give the minimum temperature 
at which the reaction in a combustible gas-mixture became self- 
supporting— called the sub-ignition-temperature. This temperature, 
which appears to be the one required from a safety point of view, 
was 187^ for ether-air mixtures in glass, and varied from 187® to 
about 500® for the different ether-alcohol-air mixtures used. It 
was about 500® for acetone-air mixtures. The presence of appreci- 
able quantities of metal in the vessels used lowered the sub- 
ignitioii-tem])erature. 

” Decrease of pressure appeared to reduce the subrignition- 
temperature of a mixture, but the presence of small quantities of 
alyceryl trinitrate or of diethyl peroxide had little effect on the 
sui>ic^iiition -temperature of ether-air mixtures. The sub-ignitioii- 
temperature of such mixtures was lowered by the presence of ethyl 
hvdrot^en peroxide. The effect of slight velocities seemed to be to 
raise the sul>ignit ion-temperature of ether-air mixtures. 

When an exhausted vessel is quickly put into communication 
with a reservoir containing ether-air or carbon disulphide-air 
mixtures, under si)eeiried conditions the gas can be ignited at the 
ordinary temperature. This phenomenon has been termed shock 
ignition. 

The limits for the propagation of flame in mixtures of ether- 
alcohoi-air and ether-acetone-air have been determined in 2-5 and 
5 cm. tubes of glass and in 5 and 15 cm. tubes of iron. The 
extreme limits found were 1-73 and 23-30 per cent, for ether-air 
mixtures. 416 and IS’Oo per cent, for alcohol-air mixtures, and 
2-88 and 1'2’40 per cent, for acetone-air mixtures The upper 
limit for propagation in alcohol-air was determined at 60= . 
Figures obtained with the 15 <'m. iron tube often differed appreci- 
ably from those obtained with 5 cm. glass tubes. 

Le Chatelier’s rule was found to hold fairly well for ether- 
alcohol-air mixtures, exce])t for horizontal and upward propaga- 
tion in the case of the upper limit. The only considerable devia- 
tion from the rule in the case of ether-acetone-air mixtures 
observed for upward propagation and the upper limit. 

Increase of temperature was found to raise the upper limit for 
propagation in ether-air notably, and reduction of pressure was 
found to narrow the limits. Increase in the velocity of the gas- 
mixture widened the limits materially. The presence of the per- 
oxides of ether scarcely affected the lower limit of propagation m 
ether-air. Uut any considerable quantity raised the upper limit ot 

such a mixture. ... Kv 

It was found impossible to ignite ether-alcohol-air mix tires 
means of steel to steel, emery to steel, or pyrites to steel spar^s, )U 
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inflammation waa readily obtained when using ferro-cerium to steel 

sparks. 

Many of the properties of ether-air mixtures appear to be 
explai^®^ by the formation of a cool flame. 

J’urther work is contemplated on the phenomenon referred to 
as shock ignition. 

■\Ve desire to express our thanks to Messrs. Nobel’s Explosives 
Oo Ltd., for whom the work was carried out, and particularly to 
W. Rintoul, Manager of the Research Section, for kind per- 
tnission to publish our results. We also wish to thank Mr. A. W. 
Sanderson for assistance in carrying out some of the experimental 
work. 

The Eeseabch Laboratories, 

Akuebr Factory, Stevkxstov. [Rrcnvrd, ScpUmher 22nd, 1919.] 


'XXX fX . — The Condiictivitie.^ of lodoanilinesulphonic 
Acids. 


By Mary Boyi.e, 

y’n systematic study of the halogen-substituted derivatives of the 
aiiilineBulphonic acids seems to have been attempted. Eight out 
of the ten possible monocbloro-. about five of the monobromo-, and 
three monoiodo-<ierivatives have been described by P. Fischer, 
Post. Meyer, Bahlmann. etc., but in some oases the constitution is 
left uncertain and in most others there is merely a simple state- 
ment of the preparation and properties of individuals; owing to 
the incomplete character of the group, no comparative study of 
either the chloro-, bromo-, and iodo- substituted derivatives or of 
the different members of a group of acids substituted by one par- 
ticular halogen has been possible. It was thought that it might 
be interesting to study one particular property throughout a com* 
plete series, in order to determine how the value of that property 
is alTected by the position in the nucleus taken by the halogen 
relative to the two other groups present. The series chosen was 
that of the iodoauilinesul phonic acids, and the property that of 
electrical conductivity. 

So far, however, it has not been found possible to prepare the 
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ton possible isomerides, but the following eight, of esteblishea 
constitution, are now known ; 



The series of chloroanilinesulphonic acids described by P. Fischer. 
Meyer Claus, Goslich, Limpricht, etc., corresponds closely with the 
above,’ except that the chloro-analogue of III is unknown, and that 
a 3 .chloroaniline- 2 -sulphonio acid described by Post and Meyer ha» 
no counterpart, up to the present, among the iodine compounds. 

2-Iodoaniline-4-sulphonic acid (VII) was described in a patent 
by^Kalle i Co. (D.R.-P. 129808), and iU constitution establirhei 

in 1909. , o • j -T ill. 

4.Iodoaniline-2-sulphonic add (I) and 3-iodoaniline.4-8ulp]iom( 

add (VIII) were described by the author in 1909 (T., 95, 1689, 

^^The others have been prepared from various nitroaniUnesulphonk 

acids, as described below. , . , , 

-o.Iodmmlint 2-f<ilphnnic acid (11) was obtained from p-mtre 
ai.iline-m-snlphonic acid by treating it with iodine chloride, remov- 
ing the amino-group, and subsequently reducing the nitro-group. 


NO, 


NO, 

/>0,H 


NO, 


NIL 


NH, 


/\ 

</' 


,SO,H 


/ 


Yodi 

,/ 


/\|SO,H 

\/ 

NH, 

6 .Iodoamlinc- 2 -culphonk acui (III) was prepared with m 
difficulty, and small quantities ^‘^SWava 

p-nilroatiiline-o-sulphonic acid desCTibed J9 ' »9, - 

when treated with iodine chloride, X;’ .Ip 

only one configuration is possible^ w. of one sm®- 

gave a diaminowlphonic acid, which, by the loss of one 
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group, could yield two different iodoanilinesulphonic acids as 
figured below: ’ 



KHj 

Considerations of steric hiiidraiioe would suggest the first as the 
more probable reaction, and that it does take place exclusively is 
proved by the conversion of the iodoaiiilinesulphonic acid into the 
well-known 2 : 3-di-iodobenzenesulphonic acfd. 

i-Iodoaniline-'i-mlphonic acul (IV) and 'y-indoaniUne-Z-sulphonic 
aad (V) were both obtained from p-nitroaniline-o-sulphonic acid 
by submitting it to the following series of reactions : 


I T 

NH, / \/ \/ 

/\soh/ ^ 

I (IV.) 

Y YO3H l/XsOjH _ 1,/'\S0, 


Uodoaniline^Z^sulphonk add (VI) was obtained by a similar 
senes ‘of reactions from o-nitroaniline-p-sulphonic acid/ 


NO, 

*o.a() 








These acids resemble each other in appearance, being well 
characterised, colourless substances crystsallisiug from water in 
needles. They vary somewhat in solubility in water, the 6-iodo* 
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aniline-2-sulphonic acid being readily soluble, most of tbe others 
giving 3732— 3764-solutions, and 3-iodoaniline4-sulpbonic acid 
dissolving sparingly. The latter acid crystallises with one molecule 
of water; the rest are anhydrous. 

In the experiments on conductivities, the main difficulty ex- 
perienced was in the accurate determination of the strength of the 
acid solution. The unsubstituted auilineaul{)honic acids were first 
investigated, the pure acids being either (1) weighed out to the 
require'd strength, or (2) titrated with standard alkali and diluted 
to the required strength; the two methods were found to give 
identical results when special precautions in the standardisation of 
materials were taken. The numbers obtained in the case of tlie 
three anil inesul phonic acids are all higher than the corresponding 
numbers obtained by Ostwald (^r//sc/(. ph>/^ihnl Chem., 1889. 3. 
106), Winkelblech (ihuf., 1901. 36 , 546), ^Vhite and Jones (J wrr. 
Che 7 n. 7 ., 1009, 42 . 520). and Wheeler and Jones {ihid., 1910. 44 , 
159). It is to be noted, however, that these higher values give a 
better dissociation constant than do the earlier and lower ones. 
For example, for <aniline-/>-siilphoiuc acid, Ostwald gives a mean 
y lO-b showing a maximum variation of 0-8yl0-\ 
Winkelblcch a mean A'-^ 6-2 x 10--* with a variation of 2-3xl0-\ 
Wheeler and Jones a mean K -B'oo x 10"^ and variation I'T x 10'\ 
and the author a mean A’ 7 05 x 10-< with a variation of 
0-6 xlO-^ 


For aniline o sulphonic acid, the mean value A“- 4 29 xlt> ^ a- 
against Ostwald's A’ -3-21x10-^ and for aniline- m-sulphonic acid 
the value A* "^2*1 1 x 10“^ as against Ostwald's A l‘S.5 x 10'< and 
Wheeler and Jones' A'r l OT x 10-b have been obtained. 

The introduction of iodine into the nucleus increases the con- 


ductivities of the acids very considerably, brineging them into the 
category of strong acids, wdneh do not obey Ostwald s dilution law; 
in the Vase of sVne of the anilinc-w- -snlphonic acids only can a 
value Of A' whiMi is even approximately constant V,c obtained. It 
is the portion of the iodine relative to the amino-group udiich is 
the determining factor; wheMmr in the meta- or paraposition the 
effect in increasing tbe 'irength of the acid i'' approximateU the 
same. l>ut wluri in *he ortho-podtion the eiTert is very marked. 
The influence of the amino group in diminishing the strength of 
the sulphonic acirl is almost entirely neutralised bv_ the ortho- 
substituted iodine, and the iodoamino sulphonic acnl is fonud 0 
conduct to the same extent as benzencsulphonic acid itself. •* A com- 
parison of 6-iodoaniline-2-sulphonic acid with aniline o-sii p ionic 
acid and with ben zeneMil phonic acid shows this clearly. 
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HjN 

HjN I 

S03H<^ 

V, 

K. 


K- 

32 

100-5 

— 

,321-07 

64 

144-1 

340-() 

— 

128 

183-4 

348-2 

350-47 

256 

225-8 

353- 1 

— 

512 

265-0 

356-7 

356-38 

1024 

290-5 

357-8 

359-03 

2048 

__ 

— 

354-22 


The figures for benzenesulphonic acid arc those given by Wight- 
man and Jones {Amcr. (Jhem. ■/., 1911, 46 , 56). 

The three following tables give the conductivities of the iodo- 
^ubstituted acids side by side with those of the unsubstituted acid 
fi-otii which they are derived. 


,'l // Hi n C'0'.^‘ H 1 ph on i r , \ cid^ 

S03 h/_)>I, so,h<^\ 


r. 


I 

K- 

A,. 

K- 

32 

109-5 

— 

— 

— 

64 

144-1 

340-0 

— 

— 

128 

256 

183-4 

348-2 

309- 5 

280-6 

225-8 

353-1 

333-2 

320-9 

512 

265 0 

356-7 

3 48- 7 

341-6 

1024 

209 5 

3.57- S 

357-4 

355-0 




S 03 H<f )>. HCjH/ ^')1. 
NH,. Nil,, 


V. 

A,. 

A,. 

32 

28-15 


\ «)4 

30-12 

242-3 


54-01 

286 4 

2.1(5 

73-08 

310-3 

512 

00-28 

342-2 

1024 

131 .5 

K 

2 Hxl0 t 

35S-2 


1 l_ 

S03 Ti/_\ . 
~SH, MI, 


A,. 

Ax lot A,. 

KxlO*. 



— 

— 

115 3 

23-5 73-08 

8-30 

140-5 

23-0 00-14 

8-15 

lOl 2 

23-5 130-2 

8-02 

235-5 

24-1 167-8 

7-94 

270-0 

~ 210-4 

8-00 

A'- 

A- 


V-;10 ' 

8-08x10 



Oswald's value has been used in calculating the dis- 

soi'iatioii constants of the atiiiinesulphonic acids, and =360 for 
I'alciilaling those of the indoanllinesnlphonic acids. 
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A niline-}>-sulphoniG A cid . 



V. 

A,. 

32 

49-73 

64 

68-30 

128 

92-54 

256 

122-9 

512 

159*4 

1024 

200*7 


A,. 

266-7 

301-9 

329-5 

347*4 

360*0 

366*2 


SO3H 



228*7 

268*4 

302-7 


The same screening of the amino-group is brought about by 
other groups than iodine, for example, bromine, the nitro-group, 
hydroxy-group, etc., although none is quite so effective as iodine. 
From the literature on the subject of conductivities of acids, tlie 
following data have been selected as bearing out what has been 
shown to be true of iodo-substituted acids. 


Brom o-dfri va t i vex of A n iline.xvlphon ic, .1 cuh. 


The acid containing bromine in the ortho-position with respect 
to the amino-group has a greater conductivity at all dilutions than 
the one with bromine in the para-position. 


64*0 

T3*.’> 

128-0 

147*0 

256*0 

294-0 

512*0 

588*0 

1024*0 

1176*0 


109*8 

219-6 

278*0 

439*2 

556*0 

878*4 

1112-0 


Br 

/ ■ 

K. 

70*0 

92*3 

122*5 

157*4 

197*5 

J5r 

SO,H<^ '^Br. 

338 

346 

351 


^ NH, 


224*4 

351*8 

276*5 

296*3 


312-6 


Br 


SO3H 


\„/ 

HjN Br 


338 

343 


346 

348 
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Hydroxy-derivative$ of Anilinesulphonic Acids, 

OH 

SOsH/^. SOjB/^OH. 



A „. 

A ,. 

64 

— 

26-5 

128 

— 

36-9 

256 

16-0 

51-0 

612 

22-4 

69-8 

1024 

31-3 

125-0 


Here tte same thing is observed, although both acids have a 
smaller conductivity than the iin substituted metanilic acid. 


Alkyl Derivatives of Anilinesul phonic Acids. 


The introduction of methyl into aniline- w-sulphonic acid gives 
results in haruony with the above, 

H3O 

. so,h/^ch,. 

NHj NHj 


32 

64 

128 

256 

512 

1024 


A .. 

A ,,. 

12-6 

— 

17-7 

42-3 

24-7 

66-8 

34-5 

77-2 

47-7 

104-6 



137-5 


In the case of aniline- o-sutphonic acid, however, the position of 
the substituted group in the nucleus seems to make practically no 
difference to the conductivity value. 




H,N 


A„ 

32 

63-9 

64 

73-7 

128 

99-5 

256 

131-4 

512 

169-1 

1024 

210-9 



A,. 

61*0 

69-9 

94-6 

126-2 

162-5 



1512 


BOYLE : THE CONDUCTIVITIES OF 


Halo(}en Derivatives of Anilinesulphonic Acids. 

Iodine is more effective than bromine in neutralising the effect 
of the amino-group, and bromine than chlorine. This is seen from 
a consideration of the three following tables : 

SOsH/^I. SOjH/ y-Rv. 


r. 

A,.. 


04-0 

243-3 

— 

73*5 

— ai 

224-4 

les-o 

286-4 

^ — 

147-0 


[251-8 

256-0 

319-3 

f -- 

294-0 

S- — 

276-5 

51 2-0 

342-2 

1h ~ 

588-0 

— 

' 296-3 

1024-0 

358-2 

— 

1176-0 

— 

312-6 


T Br 



SOjIl/ J) . 




“’nh, 

i’. 

Ar- 

A,.. 

64-0 

73-98 

70-0 

12 80 

99-14 

92-3 

256-0 

130-2 

122-5 

512 0 

167-8 

I57-4 

1024-0 

210-4 

197-5 


(1 

Br 


SlLlj/ '^)Cl . 

SOjll/ \ci- 


2sH, 

“NH. 


V. 

A,. 

A,. 

64-0 

— 

— 

71-9 

— 

262 

128-0 

130-0 


143-8 


289 

256-0 

158-4 


287-6 


313 

.512-0 

189-2 

— 

575-2 

— 

320 

1024-0 

11.^0 

227-0 

340 

2048-0 

268-5 
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Experimental. 

Preparation of the Acuh. 

4-Iodoaniline'2-sulpiionic acid was prepared from aniline-o- 
gulphonic acid according to the method previously described (T., 
[909, 95, 1698). After repeated crystallisations, the acid still 
possessed a faint violet tinge (Found ; C ^ 24-03 ; H -^1-99. Calc. : 

O = 24‘07; H = 2’00 per cent.). 

Soluhility. — One hundred grams of water dissolve 0-51 gram of 
the acid at 25^. 

<o.Jodoaniline-%&ul phonic Acid. — The inethod of preparation 
consists in (a) introducing iodine into p-nitroaniline-yn-sulphonic 
acid, {h) displacing the amino-group by hydrogen, (c) reducing 
the nitro-group. 

(a) Preparation of ^dodoA-mtroanirine-2'Hi(lplio7iic Add . — 
Fifteen grams of 4-nitroaniline-3-sulphonic acid, prepared by Eger’s 
method from aniline- w-sulphonic acid (Arr., 1888, 21 , 2581), were 
dissolved in a large volume of boiling water, a little hydrochloric 
acid was added, and 11-2 grams of iodine chloride were then passed 
into the solution, which was kept at 90 — 95°. Experiments were 
carried out at lower temperatures, but tlie sparing solubility of the 
acid enabled only small quantities to be worked up at a time, and 
the yield was only inappreciably increased. The reddish-yellow 
solution, after remaining for half an hour, was evaporated to a 
verv small bulk, when the dark yellow acid separated on cooling. 

A yield of 20*4 grams, amounting to 87 per cent, of the theoretical, 
was obtained. 

(b) Preparation of \-Iodfh'l-nitrohenzaueulphonic Acid . — 
Fifteen grains of the above acid were diazotised in sulphuric acid 
solution by means of 3 grams of sodium nitrite. The sparingly 
soluble diazo-com pound was then boiled with alcohol under a reflux 
condenser, and the dark -coloured residue, after removing the 
alcohol, was dissolved in water, neutralised with sodium carbonate 
and boiled with animal charcoal • the yellow filtrate deposited, on 
concentration, long yellow needles, which bec.ame opaque on 
e.xposure to air. The yield amounted to nearly 70 per cent, of the 
theoretical. 

(c) Preparation of o-lodoanUinr-'AsuJ phonic Add. — The nitro- 
acid was reduces! , as usual, with siaiinons chloride at 100°. There 
\vas little a])parent action, the solution retaining its yellow colour, 
but w’hen the yellow solid which w-as ])rccipitated on cooling wras 
dissolved in sodium carbonate, a white aminoacid was obtained 
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from this solution by adding concentrated acid. Proof of its struc- 
ture was obtained by replacing the amino-group by iodine and 
converting the di-iodobenzenesulphonic acid into a chloride meltintt 
at 75°, and identical with 2 : 4»di*iodobenzenesulphonyl chloride : 

0-1341 gave 0-1181 COo and 0-0248 H.O. C = 24-01 ; H = 2-05. 

CgHe 03 NIS requires C = 24*07; H — 2-00 per cent. 

* Soluhility . — One hundred grams of water contain O' 26 gram ot 
acid at 25°. 

^-Iodoaniline-2-sul'phoni(i Acid. — 6-IodO'4-nitroaniline-2-siilphonic 
acid (T., 1911, 99, 330) was reduced with stannous chloride at 100° 
to ^-iodo’^-fhenyUnediaminC'^-ml'phonic acxd^ which is a white 
crystalline substance sparingly soluble in water. A small quantity 
(2‘5 grams) was diazotised in the minimum amount of sulphuric 
acid by adding 0-55 gram of sodium nitrite (theoretical amount for 
one amino-group is 0'53 gram); the dark yellow diazo-compouiid 
was then collected and boiled with alcohol. After evaporating off 
the alcohol and boiling the neutralised residue with animal char- 
coal, the filtered solution and the amino-acid precipitated from it 
were still somewhat coloured. This amiso-acid has not vet been 
obtained in a colourless condition; it crystallises in pale brown 
needles from water, in which it is rather readily soluble. Its con- 
version into 2 : 3-di-iodobenzenesulphonyl chlori^, melting at 127''^ 
confirmed its constitution : 

0-1937 gave 0-1701 CO.> and 0 0370 HoO. 0 = 23-95; TT~2T1. 

CgHgOgNIS requires 0 = 24*07; IT = 2-00 per cent, 

^.~lodoan^l\nt-Z-m\lp}\onxc .IciV/. — Nineteen grams of /Miitro- 
aniline-o-sulpbonic acid (T., 1911, 99, 324) were diazotised in 
sulphuric acid solution by 5 '7 grams of sodium nitrite, and the 
bright yellow diazo-compound was decomposed by potassium iodide. 
A voluminous yellow precipitate of potassium 2'iodo-5-nitrobenzeiie- 
sulphonate separated at once from the hot solution, and was 
collected and well washed with cold water. This salt was suspended 
in concentrated hydrochloric acid and reduced with stannous 
chloride, the completion of the reduction being readily ascertained 
by the change in colour and in the appearance of the crystalline 
product. The amino-arid was purified, as usual, by precipitating 
it with concentrated acid from its solution in sodium carbonate. 
It separatee from a concentrated aqueous solution in small, spark- 
ling crystals, Trom more dilute solutions in fine, transparent needles. 
Ite conversion into 2 :5'di-iodobenzenesulphonyl chloride, melting 
at 132°, afforded proof of its constitution: 
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0'1871 gave 0*1644 COg and 0*0331 HgO. C = 23*96; H = l-97. 

CjHjOjNIS requires 0 = 24-07; H = 2-00 per cent. 

Solubility. — One hundred grams of water contain 1-36 grams of 
anhydrous acid at 25*^. 

hJodoaniline-Z-sulphonk add was prepared from p-nitroaniline- 
(j-sulphonic acid through 6-iodo-4-iiitroauiline-2'Sulphonic acid by 
(1) removing the amino-group, (2) reducing the nitro-group. 
When the diazo-compound was boiled with alcohol, nitrogen was 
evolved rapidly, and, after about forty-five minutes, a clear, pale 
yellow solution was obtained, from which, on concentration, pale 
yellow crystals separated; these were neutralised with sodium 
carbonate, and the sodium salt was recrystallised. Sodium Zdodo- 
o-nitrohenzenemlphonate was dissolved in hydrochloric acid and 
reduced with stannous chloride at 100°; precipitation of the amino- 
acid as a cream-coloured, crystalline mass followed almost immedi- 
ately. The acid, dissolved in alkali and reprecipitated by mineral 
acid, was then repeatedly crystallised from hot water, separating in 
fine, white needles : 

0*1778 gave 0*1569 CO^ and 0*0326 H,,0. C~ 24*07; H = 2‘03. 

CfiHeOaNIS requires 0 = 24* 07; H^2’00 per cent. 

Suluhilit^—OYie hundred grams of water dissolve 1*31 grams of 
anhydrous acid at 25°. 

The constitution of the acid was established by replacing the 
amino-group by iodine and converting the resulting di-iodobeuzene- 
sulphoiiic acid into 3 : 5-di.iodoben2enesulphonyl chloride, which 
crystallised from ether in needles melting at 93°. 

Q-IodoaJiiline^Zsulphomc .1 c/r/.- -o-Nitroaniline-p-sulphonic acid 
was prepared (1) by nitrating sulphanilic acid according to 
Nietzk^s method {Ber., 1885, 18. 294). (2) by sulphonating o-nitro- 
aniline by Hardtung’s method {Annnirn, 1881, 206, 96). After 
displacing the amino-group by iodine, and subsequently reducing 
the nitro-group, the iodoaminosTilphonic acid was obtained as a 
grey powder, which crystallised from a large bulk of water; 

0 2075 gave 0*1833 CO. and 0 0388 11^. C-24*09; H=2*07. 

CgHgOjNIS requires C = 24 07; il = 2‘00 per cent. 

Solubility. —One hundred grams of water contain 0*48 gram of 
acid at 25°. 

2-Iodoaniline-4-sulphonic acid was prepared as previously 
described (T., 1909, 96, 1693) (Found: C = 24-03; H=2-ll. 
Calc.; C — 24*07; H — 2*00 per cent.). 
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Solubility.— One hundred grams of water dissolve 2-07 grams of 
the anhydrous acid at 25^^. 

3 -Iodoamline' 4 -sulphonic acid was prepared by re ucing ^-lodo- 
4 -nitrobenzenesulphonic acid (T., 1909, 95, 1708) by means of 
stannous chloride. Tho reduction proceeded rapidly on the water- 
bath and was complete in less than an hour. The lodoamino-aoul, 
precipitated from its solution in alkali by concentrated mineral 
Lid was recrystalUsed from water several times, separating i,, 
fine, transparent needles containing one molecule of water of 

crystallisation : 

0T8G1 vave 0'1552 CO.> and 0'0425 H.p. C = 22'74; H = 2’r)3. 

C6H°0>’IS,II.,0 requires C = 22'71; H = 2T)2 per cent. 

Solubilit!/.— One hundred grams of water dissolve 0-194 gram of 
anhvdroiis acid at 25®. 

Conductivity experiments were cari-ied out in Oslwald cells in 
a thermostat 'at 25°. An ordinary Wheatstone bridge, carefnlb- 
calibrated, and standard resistances were employed. The con- 
duclivitv water was obtained by distilUng first with acid, then wiin 
alkaline permanjanate. linallv alone, in the ordinary form of 
apparatus consistiii- of tin distilling flask, block-tin comleiiser. 
aiid Jena-Mass receiver. Tn making the solution of the acid for 
conduotiviU measurements, e.xcess of the acid was shaken vigorously 
in a Jena-Mass flask with conductivity water and allowed to remain 
for some time. The solid wa.s then filtered oft and the filtrate 
titrated against standard sodium hydroxide of slightly le^^ 
strength; the solution was then diluted to that strength. Standard 
flasks' pijiettes, and burettes were used througbont. 

In the iireparation of the standard s.dntions, conductivity water 
was used throughout. .V lU Sndiuni hydroxid.e was titrated 
avainst .V . 10-hvdroch!orio acid which had previously been standaro- 
ised bv means’ of pure sodium carbonate, and each solution^ was 
then diluled to .V, :12, .V, Mil. .V 128. .V 'o.-ifi. ami titrations o, one 
avainst the other were carried out in order that errors nitroducrd 
bv the hvdrolvsis of the indicator, pheiiolphthalein. at such con- 
siderable ’dilutions should be obviated. The results o' 
carried out under these conditions agreed well with those obtaii > 
by weierhing out the acid directly and dissolving it in the ‘''^'1'""^, 
:Lunt of Later. After one set of results had been obtained, t e 
acid was recrystallised and the conductivity again 
recrystallisdtions and subsequent dotorm.nation of 
were repeated until <»nsec«tivc experiments " 

in this way, the purity of the acid was guaranteed. In s 
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ten crystallisations had to be carried through before satisfactorily 
concordant results were obtained. 

Further experiments on the conductivities of the anilinesulphonic 
acids are being carried out, and it is hoped that the results may 
shortly be ready for publication. ^ 

I wish to express my thanks to Miss E. E. Field for valuable 
help given during the course of this investigation. 

Royal Holloway College, 

ENOLBriELD Green, 

Surrey. [Received^ October Sth, 1919.] 
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Chlorhiation of Methane. J. Pfk.keh, t\ ilAt,-n,KEa, and 
0. Reitlinger (,/. pr. Chem., 1919, ^ii], 99, 239—242) —The nro 
cess has been studied by passing suitable mixtures of chlorine and 
a natural gas consisting of nearly pure methane, free from ethylene 
hydrocarbons but containing small amounts of iiitroaen and 
oxygen, over antimony pentachloride or ferric chloride Contained 
in a quartz tube heated at 360-400°. With the former catalyst 
and the gases mixed m the proportion of one volume of methane 
to two volumes of chlorine, methylene chloride (5*8?0 chloroform 
(20'3%), carbon tetrachloride (5-9%), and hydrogen ciiloride (32%) 
were obtained, 64% of the chlorine entering into action. With 
ferric chloride and equal volumes of the two gases, the substances 
formed were methyl chloride (5'S%), methylene chloride (15*7%) 
chloroform (21*7%), and hydrogen chloride (43-2%), 86-4% of the 
chlorine being used; when 2 volumes of chlorine were employed 
for each volume of metliane, there were obtainet] methyl chloride 
(traces), methylene chlorifle (l3-25%), chloroform (22-2%), carbon 
tetrachloride (6'35%), and hydrogen chloride (41-8?^), 83-6% of the 
chlorine entering into action. With 2 volumes of methane to 
1 volume of chlorine, 30- 1% of jnethyl chloride and a mixture of 
approximately equal amounts of methylene chloride and chloroform 
were produced. When the proportion of methane to chlorine was 
3;1, the yield of methyl chloride rose to 40% of that theoretically 
possible. Attempts to secure carbon tetrachloriflc in good yield 
by increasing the relative amount of chlorine were rendered difficult 
by the occurrence of violent explosions ; a mixture of chloroform 
and carbon tetrachloride was. however, obtained by the use of 
methane (I vol.) and chlorine (.3 vol.^.) diluted with nitrocfeii 
(2vols.). H. 


Action of Concentrated Sulphuric Acid on Methyl Alcohol. 

J. Guyot and L. J. Simox ( f ' nwpt . /y/u/.. 1919. 169. 655—657).-- 
The yield of jnethyl sul]>hate in the action of sulphuric acid on 
methyl alcohol increases steadily as the molecular }>roportion of the 
sulphuric acid in the reacting juixture increases. The complete 
mechanism of the reaHiou is given by the three e{p!atious: 


H0SO4 + ^feOir MeHSO^ -f H.O. 

2 MeHS 04 — }!oSO,-rMe.SO<: 

MeHSO^ + MeOH - II>SO^ + 

The combined equilibrium of the first twm reactions is, to a large 
extent, independent of the temperature, but the velocity with which 
the equilibrium is reached is largely influenced by the temperature. 

W. G. 

VOL. CXVI. i. a a 
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Action of Sulphuric Anhydride and of Fu^g S’^Phuric 
Acid on Methyl Alcohol. Preparation of Methy Sulphate. 

J Guyot and L. J. Simon (Compl. «nd. 1919, 164, 795-79i) - 
By the action of 60% fuming sulphuric acid on pure methyl alcohol 
in the calculated proportion, methyl sulphate may readily be 
obtained, the yield exceeding 90%. An aUernative method is to 
nass the vapour of methyl ether into the acid until the whole of 
the sulphuric anhydride, which it contaius, is converted into methyl 
sulphate, and then to distil the mixture. [See, further, .7. iSV. 
C/Km. Ind., 1919, 9-’4a,] W. G. 

Compounds of Thorium. I. Addition and Substitution 
Compounds of Thorium Chloride. G. Jantsch and W. Gruacb 
(Hth C/iim. Acta, 1919, 2, 490— 500).— Thorium chloride on boil- 
ing with absolute alcohol forma a white, very deliquescent additive 
compound ThCl,,4EtOH ; this orystaUises in fine, prismatic plates, 
and slowly loses alcohol on keeping. On shaking anhydrous thor- 
ium chloride with acetone, solution occurs after a short time, and 
on keeping over phosphoric oxide the additive compound, 
ThCl 2COMe„, separates in sinall, white, prismatic needles, Heating 
thorium chloride with acetophenone in chioroform solution gives a 
clear solution wliich on keeping over pliosphoric oxide yields 
lorn- white needles of ThCl4,4COPliMe, wliich are very hygroscopic 
and’lose the whole of their acetophenone on keeping. A similar 
compound, ThC1..4COPh,.. is produced when bensoiihenone is sub 
stituted for acetophenone in the last iireparatioii. Thorium acetate 
is prepared as a white, crystalline mass ^ by heating anhydrous 
thorium chloride with anhydrous acetic acid. Thonuni benzoate is 
prepared as a white, crystal line precipitate hy heating ben2oic acid 
in xvlene solution with anhydrous thorium chloride as long as 
hydrigen chloride is evolved. If. however, the reaction takes place 
in light petroleum of high boiliiug point the ch oiobenzoate is pro- 
duce! This compound. ThCl(OBz),,. is very hygiviscopic, and is 
quite insoluble in benzene and chloroform. \\ hen tooriiim chWe 
is heated with four molecules oi salicylaldehyde in ethereal solu- 
tion a clear, vcllow solution is i>roduced, from winch on tiirtlicrlieal- 

iu " separates a light yellow, crystalline, additive compo.ud, 

ThC’l ‘■'OH-C.lTpCnO. If, however, the ether is replaced by chloro- 
Lm‘'the substitution product. ThCl,(0<V,ir.-<'HO)i. is formed as 
a canary-yellow, crystalline preedpitate. which 
Thorium chloride heated with three molecules of methyl sahcjlate 
in ethereal susjiension yields an additive comiiound, 
ThCI„OTI-CcH,-CO.,Me, 

in fine, white needles; if chloroform, benzene, ' jj,,, 

tuted for ether, three snb.ditntion P'-f 

on the amount of ester ‘'"'life'! Jt| .go^Me is formed in fine, 
chloroform the compound ^ ^ Vpozene the com- 

white needles: (2) with 4 mo eciiles of m with 

pound ThCl,,(0-C.H.-C0.Me), is XV ^uUan 

6 molecules of ef^er in xylene a faintly y 
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TliCl( 0 *CflH 4 *C 02 Me) 3 , is obtained, which oii washing with lieht 
petroleum becomes white. J F S 

Ettylene CMorohydrto and ^/i'-Dichloroethyl Sulphide. 

jl. Gomberg {J. Amer. Chem. Soc., 1919 , 41 1414_l43n _T' 
wcouBt of work done under the auspices of th’e American Lreau 

“ Many of the conclusions are 

already well known, but they may be summarised as follows 
I Preparation of Elhyleae (!klorohydn,i.~ln analogy 'to the 
reactions between bromine water and ethylene discussed bv 

,ad WUliams (T., 19ip 111 240), the a^:ithor expec'd tLt 

controlling factors would be the velocities of the reactions between 
ethylene and chlorine or hypochlorous acid, and actually found 
that by passing the two gases into water, keeping ethylene in slight 
excess, a wnrentration of 6—8% of chlorohydriu is reached before 
an appreciable amount of dichlonde is formed. Up to this point 
the gases are absorbed rapidly at 10-12° (about 20-95 Htr^ of 
each per hour in the experiments), but thereafter the reaction 
becomes sluggish With a slow stream of gas, however, concen- 
trations of chlorohydrin as high as M- 15% may be reached, but 
a ways a^ompamed by much dichloride. The influence of dissolved 
chlorohydrin, hydrogen chloride, or metallic chlorides on the course 
of the reaction was roughly determined. Chlorohydrin itself is 
rather helpful at the outset, and hydrochloric acid up to 2A’- is no 
hindrance to the exclusive production of the chlorohydrin. The 
combined effect, however, is mora important, for when both are 
present in A^-conoentration, the formation of ethylene diehloride 
is favoured. Metallic salts are much more harmful, and conse- 
quently any attempt to neutralise the hvcirnehlorio acid formed 
(luring the reartion [H.O + CL HCIOIhcIJ does more harm 
than good. Efficient stirring is obviously most important. Alto- 
gether, it is not advisable to aim at more than 8% concentrations 
of chlorohydrin. The refractive imle.x gives a measure of the 
concentration (water, 1-333; chlorohydrin,' 1-442). 

TL Conecniration and hnlaiinn of fht rfdorohydrin.—A 42-5% 
solution of chlorohydrin in water has the constant boiling point 
0 . More dilute solutions can theretore be enriched by distilla- 
tioii and entirely freed from hydixnhioric acid. The effeit of salU 
on the course of the distillation i.s striking. For example, 9 litres 
fH a r3% solution were neutralised with lime and distilled, 4 litres 
being collected; this was saturated with salt and distilled again, 
litres being collected ; this was saturated with calcium chloride 
and concentrated by distillation to 1 litre, tiie resulting solution 
eoiiUming nearly all the original chlorohydrin, being 64%. The 
su ject of "salting out'’ the chlorohydrin appears to offer many 

wereHing problems. Saturation with sodium sulphate at 32 33° 

jeema to offer the best result^! : the aqueous layer is about 7% chloro- 
ydrin whilst the separated oil contains about 68% of chlorohydrin 
aM only about O’ 65 gram of sodium sulphate per 100 c.c. A com- 
ma ion of distillation, salting out." and extraction wth ether, 
enzene, or perhaps ethylene dichloride would J?e the beet scheme 

a a 2 
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for isolating the pure compound. Very little hydrolysis taj^gg 
place during the distillations, 

III. Oonvcrsio7i into ^^'-hichloradthijl Sulphide^ — The reactioj} 
with sodium sulphide proceeds just as well with 20% solutions of 
chlorohydriu as with more concentrated solutions, and only a small 
excess of the salt is required. Concentratiou being necessary at 
some point, however, it is best to use 40 — 80% aolutions. After tlie 
reaction, which is completed by warming, the solution is neutralised 
by sulphuric acid and evaporated under reduced pressure, when the 
tkiodiglyool,S(C!L* 01 L‘OHy 2 i may be extracted by alcohol If the 
isolation of this is not required, however, 70- -80% chlorohydriu is 
added to solid sodium sulphide, the product is neutralised by 90 ^/ 
sulphuric acid , and then mixed witli concentrated hydrochloric acif? 
The salts are filtered and' the solution warmed at 60 - -75°, when the 
“mustard gas" separates as an oil almost dry and free from 
hydrogen chloride, the yield being 90- -98%. 

In aii^ attempt to prepare jS;S^-dichloroethy! sulphide by tiie inter- 
action of ethylene dichloride and metallic sulphides, it was soon 
realised that the desired product was more reactive than the parent 
substance, a disulphide, {CJ] 4 ).S,^. being formed when “ inustanj 
gas" is even left with sodium sulphide solution in the cold. 

J. c. tv. 

Superpaiite [Trichloromethyl Chloroformate]. H. \\ 

Jloon and H. R. Mukdock {J. flu'tn., 1010, 23, 

498 512). -The preparation, j>voi)eitics. and decomposition of tri 
chlorometliyl chloroformate liave been studied. The best method nf 
]>reparatiou consists in treating methyl alcohol with carboiivi 
chloride and chlorinating the product, methyl ciilorofonnatc, iii 
bright bght with elevation of temperature as the chlorination pro 
ceeds. Attempts to prepare this compound <lirectly from earhonv] 
chloride, or from carbon dioxide and carbon tetrachloride. 
Trichloromethyl chloroformate is tlecoin posed by charcoal ami k 
ferric o.xide into carbonyl cliinrirle. Wlien working in sealed tuhe> 
at constant temperature the reaction can be brought to a standsliil 
at any desired point in the presence of iron oxide. Alumina (locom- 
poses superpaiite into errbon tetrachloride and carbon die.xik 
Perchlorodinmthyl carbonate breaks up on heating into superpalitt 
and carbonyl chloride. When methyl chlorofonuale is chlormatcn 
in liglit at*^ suitable tenjperat tires the products are chloronn'tliv 
chloroformate (b. p. IbT^), dichloromethyl chloroformate (b. p 
114^), and trichloromethyl chloroformate (b. p. 128°). Wheit 
methyl carbonate is chloriiiated, the successive products arc mono- 
chloromethyl carbonate, b. p. 138°, dichloromethyl carbonate, b. p. 
178°, and hexacliloromethyl carbonate, m. p. 78°. J- F* 

The Catalytic Reduction of Haiogenated Acetic EsterS' 
Paul S.\batikr and A. Maiuit, {Compt. Tend., 1919, 169. 
758 - 761). ---The haiogenated acetic esters may readily be reduce 
to the corre.sponding acetic esters by passing their vapours along 
with hydrogen over reduced nickel at 300°. This method has been 
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successfully applied to ethyl mono-, di-, and tri-chloroacetatea and 
ethyl bromoacetate, good ymlds of ethyl acetate being obta ned 
the case of the di- and tri-chloroacetatea, the removal of the chlorine 
takes place m successive stages In each case small amount of 

secondary^de^om^ 

Pat, l.)06963). -^ mixture of ethylidene diaoetate (400 parts') witli 

sulphur c acid (D 1-87) (8 parts) is heated at ‘ 

about 100 mm In Wo hours 330 parts of a mixture of pamcet- 
aldehyde and acetic anhydride distil, and a residue comprisiim sul- 
phuric acid and iiO parts of unchanged ethylidce diaoetlte remains 
‘ f, "“f .1“ this 3.30 parts of ethylidene diacetate 

may then be added and the reaction continued as before Distilla- 
tion is facilitated by passing a current of pure or diluted oxygen 
into the mixture. The formation of the tarry by-products obtained 
when higher temperatures are ein|)loyed in effecting the operation 
at atmospheric ]iressiire is prevented tiv conductiim the reaction i 

■ ChemuI,. AnsruACTS. 

(Preparation oi] Ethylidene Diacetate. .1, Koetscuet and 
M Bevdet (U.S. Pat 13(iG9(i4). Mercuric oxide (40 L dis 
lo ved 1,1 acetic acid (800 part.s). the temperature raised to 70° and 
1 hot sol I, lion of /3-iia,ihlhalenes„Ipho„ic acid in acetic acid (200 
oar s IS added slowly with stirring, ..t white p,cci,,itate of mercuric 
iiaphtlialenesulphonate is formed, Acetylene is pas.sed into this 
mixture at 70°. 200 jiaris being iib:,orbe.i din ing two hours The 
i-tliylideiie diacetate formed is then scparateil from the excess of 
icetic acni. According to a mo li!ica(i„n of tlie procedure, mirmiric 
mce (40 parts) is dissolved in gl.ioial acetic acid (1000 parts! 
heated at .0° and into this solution is run a mixture of siilpho- 
loe ic acid (20 parts) and acetic acid {100 parts). On passiim 
i<ely]eiie into the resulting mixUire. 230 ,,arts of acetylene are 
i Willed 111 live hom-fs at 1 ho iiso of morouric acetate together 
•i . aromatic or aliiilialic sulphonic acids, instead of mercuric 
pnate, as catalyst enables the reaction to be carried out at lower 
,«iajieratiir« without deposition of tarry bv-i.rodncts such as ar.e 
Mhieed when niercnric suljdiate is used and’ the reaction is effected 

(’h KM I CAL Abstracts. 

Sodium Stearate and Oleate under 
Petroleum. Ame 

- RvIe J- ^ detn, 1910. 2,501—510). 

iiidJr one kilo, of soJiuin stosArate in ten portioni^, 

>btain J 1 hydrocarhons are 

arhnn -00 grams of a residue wliich contains very little 

todiiim’ salts of the lower tatty acids, heiiig almost eutirelv 
[79 ™ ^^I’bonate. The distillate consists chiefly of decane, h n. 
i ^ < t^etradecane, h. p. 231 238^^ lienUdecane. h. p. 
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257 260^^, with tetratriacontane, b. p. above 360°, m. p. 73-5o 

as the main constituent, and obviously the primary product. Kq 
unsaturated or cyclic hydrocarbons are present. The physical 
properties of the four hydrocarbons agree with the data assigned 
by Mabery to specimens isolated froni Pennsylvanian petroleum. 
Dry sodium oleate also gives a 70% yield of oil under these con- 
ditions, but all the fractions are ethylenic. The chief hydro- 
carbons found are nonylene, b. p. 145 148°, dccylene, b. p, 

160—163°, D;’“0‘7630, 14301, undecylene, b. p. 195—198°, and 

tridecylene, b. p. 228—231°, agreeing in physical properties with 
the olefines isolated by Coates and Mabery from American 
wtroleum. No naphthenes are present. 

The results therefore confirm Engler s hypothesis, in so far as the 
open-chain hydrocarbons are concerned, namely, that they originate 
from the fats of marine plants and animals. As the conditions 
of the decompositions now effected are about as mild as they could 
very well be, the absence of any traces of cyclic hydrocarbons, 
especially optically active na])hthenes, would strongly suggest a 
totally different origin for such substances in natural petroleum, 
and the authors regard the resins and ter penes as the source. 

J. C. W, 

The Direct Replacement of Glycerol in Fats by Higher 
Polyhydric Alcohols. I. Interaction of Olein and Stearin 
with Mannitol . A rth u r T..\ p\v o rth and Leono r e K letz Pearsox 
(Biorhem. ■/., 1919. 13, 29G 300).- -Glycerol can he quantitatively 
replaced by mannitol in fats by heating the fat with mannitol in 
the presence of sodium cthoxide under reduced pressure. An 
almost theoretical vield of glvct?rol is obtained in the distillate, 
whilst the rcsiflue in the distillation flask may be treated so as to 
obtain a synthetic mannitol fat. The maximuni yield of glycerol 
is obtained when the iiropnrtion i-^ two molecules of fat to three 
of mannitol. The maniutol ooTn]>ouuds formed appear to be mix- 
tures of di oleates (or di-4earates) of mannitan or /.vomannide. 

J. C. D. 


The Walden Inversion, P. Karrer anrl W. K.usb (Kch 
('him. Ar/n, 1919. 2. 136 15 1).- -Various reactions in the ghitaric 

acid series have been st\idied, with particular reference to the 
measurement of the rotations of the products for light of different 
wave-lengths, from about 656 pp to 461 //((. When the rotations 
for sodium lieht only are examined, a fairly regular, but meaning- 
less, fluctuation from to /- is observed, but when the rotation- 
dispersion curves are l ousidered. a conipleielv different conception 
of the changes may be formed. Thus, of all the following com- 
pounds. formed in the order named, and given the sign of ro a ion 
for sodium light, namelv. rAglutamic acid, f-a-chloroglutaric aci , 
zinc c/-a-hVdroxvgIutarute. /-odn'droxyglutaric acid, 
y-carhoxviic acid, ami also the ethyl /.pyroglutamate 
the initial aei.l an,! the , / silver salt of the 
oxvlic acid obtained from the f-chloroghitanc acid, the on X P ^ 
wliich gives higher negative rotations the shorter the wa o 
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is the a-chloroglutaric acid. All the others give rotation -dispersion 
curves which tend to rise to highest points in the positive field 
It appears therefore, that only in the replacements of the amino- 
group by halogen, and this by hydroxyl, are there any changes in 
configuration, which is, of course, plausible, for these are the only 
changes directly affecting the asymmetric carbon atom. The 
authors go so far as to suggest that the symbol fh should be given 
to those compounds which tend to give positive maxima for their 
rotations, and I- to those which give negative maxima. 

To a certain extent, the results and views expressed aoree with 
those of Clough (T.. 1918, 113, 526). In one particular "however 
there is contradiction. Clough states that phosphorus penta- 
chloride and thiony] chloride produce from a-hydroxy-aliphatic 
acids_ chloro-acids of the same configuration, whereas nitrosyl 
chloride acting on a-ami no-acids gives chloro-acids of opposite sign 
and the exchange of halogen by hydroxyl, with silver oxide is 
accompanied by another change of sign. If both statements are 
true, a /-chloro-acid should give a ^-/-hydroxy-acid, and this a 
d-chloro-aci_d. but in the present case it is found that /-a-chloro- 
glutaric acid niay he converted into the ^/-hydroxy- acid and this 
reconverted into the /-a-chloro-acid by phosphorus pentachloride. 

Similar regidarities in their rotation-dispersion curves are shown 
by aspartic acid and its derivatives. The rotations of the so-called 
/-aspartic acid, its ester and the so-called /-malic acid obtained 
indirectly from it tend to a ])ositive maximum, whereas the /-chloro- 
succinie acid intermediate between the aspartic and malic acids 
tends to a negative maximum. Therefore, /-aspartic and /-malic 
acids should be called </- acids. The rotation of malic acid is difficult 
to judge, for ii depends so much on concentration. The authors 
have chosen 25?o solutions as the maximum concentration for which 
the curve is normal, hut it is obvious that if the direction of the 
rotation-dispersion curve is \o be a test of the configuration, the 
conditions of solvent, concentration, and temperature must be so 
chosen that the curve is as characteristic as possible for the com- 
pound under examination. 

The following table gives the apecific rotations at 14° for the 


Substance. 

r. 

D. 

Hg. 

F. 

New designation 




486* Vm 

f/-Chifamio acid 

-■-s-o.r 

-5-I0-,';2' 

!- 12*96-' 

-1- 17*53® 

Ethyl rf-pvroglntamate 

3-40 

-2 08 

-1-59 

-1-1*99 

ha -Chlorogl atari c acid 


-2207 

- 20*81 

-34*67 

fi-a-nydroxyglutaric acid 

Silver d-biityrolactoiic.^-carb- 

- 2 00 

-\?A 

-0-67 

^0*67 

oxylate 

*(/Butyrolacton 0 - 7 -carboxylic 

’ ."> 07 

8-59 

-i-9*14 

-1 13*16 

acid 

Ml 

•2‘U 

-^2-89 

-b3*66 


o-nii 

-! 2(17 


-b417 

JZinc rf-o hydroxvelutaratc 

’ 4-24 

0-0.7 

-1-8-24 


^4- Aspartic 

- 

2-4 S 

-2-13 



Ethyl d -aspartate 

! o-os 

' b73 

-1-2-25 

-^3*38 

/•Chlorosiucrinic acid 

l.v04 

18-92 

-22*90 

-30*90 

* From zinc a-h\*droxvghdrtriitc. 
t At ir,». 

+ From ihc silver salt. 

^ In (lil. NrtOH (.8 mol.). 



i. 572 ABSTRACTS OF CHEMICAL PAPERS. 

principal lines; tor others, and for the curves, the original should 
be consulted. J. C W 

Bile Acids. V. The Reduction of Dehydrocholic and 
Dehvdrodeoxycholic Acids. Heinrich Wieland and Erich 
Boersch {Ztiisch. phi/sioL Chem., 1919, 106, 
i^eorycholic acid {^-diketocholamc acul), C 24 H 36 O 4 was prepared 
as its ethyl ester by reducing an alcoholic solution of dehydrocholic 
acid with crranulated zinc and hydrochloric acid in presence of 
mercuric chloride; it crystallises in colourless needles, m. p. 177^ 
the ethyl ester forms lustrous needles m. p. 15.-5 . 

Cholinic acid, is obtained from dehydrocholic acid by 

boiling with zinc amalgam and concentrated hydrochloric acid for 
twelve hours, and then passing hydrogen chloride into the boiling 
solution for ten hours. The ethyl ester crystallises in shining frag- 
ments m p. 93 — 94^ +20-97^. The acid forms voluminous 

clusters of needles, m. p. 163— 161^ [a]ll +21-74^ in chloroform 

a-Ketocholofuc <icid^ is obtained as the ethyl esUr, by 

reducing an alcoholic solution of dehydrodeoxycholic acid with 
zinc amalgam and concentrated hydrochloric acid. The ethyl ester 
forms colourless needles, m. p. 95® ; the acid crystallises in broad. 

colourless leaves, m. p. 183®. ,..111 , 

IlydroTvketochohnic arid, also obtainable by reduc- 

tion' of dehydrodeoxycholic acid, forms soft, lustrous needles, 
m. p. 161®; the wAy/'ester forms lustrous prisms, m. p. 133®. 

s. s, z. 


The Oxidation of Organic Compounds with Alkaline 
Potassium Permanganate. I. The Oxidation of Acetalde- 
hyde. II. The Oxidation of Ethylene Glycol , Glycoll- 
^dehyde, Glyoxal, Glycollic Acid, and GlyoxyUc Acid. 

William Uoyd Kva.xs and Homku Adkins (./. Amcr Vkem Sov., 
1919, 41 , 1385- -1411. Compare this vol.,j, 514). -I. A solution 
of potassium permanganate, containing 15 grams per litre an 
various proportions of potassium hydroxide, was reduced by a 
2-inolar solution of acetaldehyde at 25®. 50®, and 75® the quantity 
of aldehyde being recorded, and also the weights of the various 
oxidation products. The results are tabulated and reproduMd by 
curves. Within certain Umits, the quantity of ai^tic acid 
is a function of the concentration of potassinm 
plotted on iogarithmic paper, the concentrations fa 1 

line, from which the ^ ^ /f j 1 

defluced where Y ^-ihe numljer of grams of acetic acid produced 

by the oJtidatlon of 1)1 gram.-.nol. of acetaldcl.yde at » 
tfon of -V grains of potassium hydroxule par 
tangent of the angle whiob the l.ne makes with the A axi. . 
limL are as follows: at 25’. hOo to 90 grains; at : 13 to 3^ 

grams; at 7')°, 0-85 to 18 ') grams. Below the smaller va 
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oxidation to acetic acid is quantitative- ft., t; u i 

the concentration of alkali has no influence on the T’ 

acid. Within these limits, the viehl of 'i j ^ acetic 

increasing alkalinity and rise of temperrnre The 
tion products are oxalic acid and 3i dioxide Th ' 
with rise of temperature and alkalinity hut ap^n “creMe 

above which the concentration of alkali is imm. t • mif 
instructive reproduction of the yields of the'e , The most 

curves connecting the alkali co^etratitt iJlt'h the ?'h!“ 
oxalic acid or carbon dioxide which wnnlr? i of 

quantities of acetaldehyde or an hit rnmd?»t “‘=^'‘ 

oxidised to oxalic acid and carbon dioxide in the'^r^t^'*^”^ 
they are produced in the particular experiment. For 'Lam^e '°if 
in a given experiment 1 pam of o.xalic acid and 1 gwnrof carbon 
dioxide were produced, the acetaldehyde equivalent^ruld be 0 49 
and 0 50 gram respectively. Then, if a total of 0 99 gram of acet 
aldehyde produces 1 gram of oxalic acid 4 4 prams to. i\!!i 
would yield 4-44 grams The ratio of oxall'c tl ZZZ dioxtd 
rises With incre^e of temperature and alkalinity, but the curve! 
connecting alkali concentrations with the above quantities Ir! 
straight lines if plotted on logarithmic paper. That is, the weight 
of substance converted into oxalic acid or carbon dioxide corupwed 
with the toUl amount inverted into oxalic acid plus carbon dioxMe 
IS a simp e function of the alkali concentration. In other words th! 


alkali acts in the same general wav on the prccnrsor 'of the’seVro! 

the acetaldehyde from which the acetic acid is 


ducts as it does on 
formed. 

II. The oxidation of ethylene glycol, glycollaldehyde, glyoxal, 
glycollic amd and glyoxylic acid was studied at 50° in the^same 
manner. Ethylene glycol yields carbon dioxide and oxalic acid; 
with l«s than O-o gram of potassium hydroxide per litre, the sole 
product appears to be carbon dioxiile. then up to 3 grams per litre 

m! JrmI ‘^at of oxalic acid rises 

uniformly after which the concentration of alkali has no influence 
on the ratio between the two products. Glycollaldehyde also pro- 
duce.s carlwn dioxide in falhn^r amounts and oxalic acid in increas- 
ing quantities, but the yields are logaritlimic functions of the alkali 
concentration. Glyoxal behaves more like ethvlene glycol- the 
yields are linear functions of the alkali concentrations ‘up to' 45-5 
grams potassium liydroxide ))er litre, when fnrtlier alkali is without 
effect on the yields, that of oxalic acid being Glycollic acid 

yields the same pru{X)rtions of oxalic acid and carbon dioxide re- 
whether the ini (ini concentration of potassium hydroxide 
1^^ litre. Glyoxylic acid corresponds with <7ly- 
co adehyde; the yields are logarithmic functions of the alkali 
concentrations. 

/The curves connecting tlie yields of oxalic acid and carbon 
loxide at 50° with alkali concentrations are absolutely identical 
h' of ftcetaldebyde and glycollaldehyde. It is therefore 

th^ y that glvcollaldchydr is an intermediate product in 

€ oxidation of acetaldehyde by alkaline permanganate, and the 

a 
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whole scheme for the oxidation of these compounds with two 
carbon atoms may be written thus : 

CHj-CHj-OH CHs'OHO CHg^COjH 

CHj:CH*OH -^OH-CHg-CHO 

I 

OH-CHj’CIVOH ^ OH^CHj-COjH 
I A 

CHO-CHO J 

CHO-COsH CO 2 + 

J. c. w. 

The Stabilisation of Acraldehyde. I. The Methods 0! 
Spontaneous Alteration of Acraldehyde. Charles Mourku 
and Charles Dufraissb (Compt. rend,, 1919, 169, 621 — 626).-- 
Acraldehyde, when kept, undergoes spontaneous change in one of 
two directions, giving either an insoluble resin, disacryl, or a 
soluble resin. The velocity of change into the insoluble resin is 
accelerated by the presence of impurities, by rise in temperature, 
cor by an increase in the intensity of illumination. The cause of the 
fracture of glass vessels in which this change occurs is shown to be 
purely physical. 

The second change into a soluble resin is accelerated by the 
presence of a free base, metal lie salts, or certain compounds, such 
as hydrogen sulphide, the chlorides of arsenic, antimony, bismuth, 
or tin, and nitrogenous organic substances. Rise in temperature 
also accelerates the change. 

These tw'o different methods of spontaneous alteration of 
acraldehyde cannot, apparently, |>roceed simultaneously in the same 
sample, although in some cases one change may proceed for a time 
and then be replaced by the other. W. G. 

The Stabilisation ol Acraldehyde. II. Empirical Process 
of Stabilisation. Charles Moureu and Adolphe Lkpap* {Compt. 
rend., 1919, 169, 705 - 70S. Compare Moureu and Dufraisse, pre- 
ceding abstract). ^ — The process of stabilisation recommended is to 
shake the crude acraldehyde, [) repared by the dehydration of 
glycerol, with 10% of its weight of dry sodium hydrogen carbonate. 
The product thus obtained is stable for a long time if it is kept 
in the absence of air, not ex[)osecl to sunlight, and at a tempera- 
ture not exceeding 30'"^ . The enide acraldehyde contains certain 
impurities which tend to prevent its conversion into insoluble 
resin, whilst other inifnirities iucelerute its conversion into soluble 
resin. ** G. 

Preparation of Anhydrous Dextrose Sodium Iodide. 

JOHANH A. Wl’lfino (D.H.-P. 312643) from ('hem. Zenir^. \^\v. 
iv, 147), — Anhydrous dextrose and anhydrous sodium iodide, m 
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the proportion of at least two molecules of the former to one mole- 
cule of the latter, are mixed as intimately as possible, and the 
mixture ia melted or moistened with strong alcohol and dried at 

^QQ ^ 1150 . In either case, the proportion of two molecules of 

dextrose may be exceeded, whereby the mass becomes more easily 
melted or pulverised. The double compound, ( CfiHj 20 ^) 2 , Nal, 
exists in the anhydrous and hydrated states ( + H. 20 )* In the 
former condition it is not hygroscopic, whilst in the latter state it 
is as hygroscopic as sodium iodide. The yield of the anhydrous 
substance is quantitative, whilst that obtained in accordance with 
D R.-P* 196605 (A., 1908, i, 765) is considerably smaller, 


SolnbilU3r of Lactose. Action 0 ! Acids and Alkalis on 
lactose. E. Saillard [Chim. et Ind^ 1919, 2, 1035—1036). — The 
solubility of lactose at various temperatures was found to be as 
follows, the solubility of sucrose under the same conditions below 
given for comparison : 

Kilo, of sugar per 1 kilo, of water. 


Temperatiiro. 

Anhydrous 

Lactose, 

Sii<!rose. 


f)‘20 

2-00 

280 

0 24 

2-16 

:t80 

0 ao7 

2-34 

48-0 

0>421 

2-55 

570 

0-.76 

2*78 

650 

0-77 

3-03 


Lactose is hydrolysed completely in ninety jninutes when heated 
it 90° with 10 % hydrochloric acid, but is not appreciably attacked 
by 10% acetic acid. When lactose is heated at 90° with 1% sodium 
hydroxide solution, about 64% of the alkali is neiitraliseci and 8 oa) 
of the sugar destroyed within two hours. W. P. S. 


Predominating Influence of the Degree of Dispersion of 
Starch Solutions on the so-called Starch Coagulation. 

Hermann Sallinger (Kolfoiff Zf'if.'irh., 1919, 25. 79 — SI). The 
coagulation of solutions of soluble starch by means of ptyalin (from 
human saliva) has been invest igateji. It is shown that the coagu- 
lation takes place sooner the larger the quantity of ptyalin added, 
and that the amount of coagulated starch decreases, whilst the 
quantity of inaltose formed in (’reuses with the amount of ptyalin 
added, A similar starch solution heated to 110 ° under a pressure 
of 1'5 atms. before treatment was coagulated 111 ueb more slowly, 
gave about a quart^er as mucli coaguliim. Init rather more maltose, 
than the un heated starch. The es peri meats show the influence^ of 
the dispersity on the coagulation, and they also confiim the view 
of Liiitiier that it is unnecessary to assume the piesence of an 
enzyme amylocoagulase in malt extract which is ca])able of aflfectiug 
the coagulation of starch. The coagulation is brought about by 
the conversion of the protecting colloid, the starch sol, into sugar, 
which thereby causes the starch gel to coagulate. F- 

a a* 2 
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Synthesis ol Polypeptides of which Cystine a 

Constituent. E. Abdekhaldbn and Hans Spinner {Zeitsck 
,,hy^oL Chem.. 1919, 106 , 296-309).-The following polypeptides 

have been synthesised : i i. * • i ^ 

J)ichIoroncett/IA-Cf/t<tvir crystallises from ethyl acetate in dusters 
of fan-shaped 'prisms, rn. p. 137-139^. or from water in silky 
spheres of long needles with one molecule of water, m. p. 96—98*^. 

It shows weak mntarotation. 

a white, amorphous powder, decomposes at 
200°; and has [oT^ -1U'4° to -116-54° in aqueous solution. 

is a yellowish- white pow- 
der, and in alcoholic solution has [al’,!* - 8’37° to - 18 2 . 

' turns brown at 220°, and in aqueous 

solution has [a^D® -78‘6° to -S0‘99°. 

^ light yellow 

powder, and in alcoholic solution has [a]„ -32’8° to -42"Sa°. 

Dlfjlf/ri/MiAdntrf/Idifdffr/dA-ri/stifif, a light yellow powder, lias 
in aqueous solution [a]p —81*78°. , . , , 

J)ihn)mo-dA?^ohex(>!/!(Iifd!/<'iyIdiA-^e ucf/ldnjl t/vi/IA-cf/stine forms a 

yellow powder. . i t i i. v 

The action of alcoholic-aqueous ammonia and of alcoholic 

ammonia on dichloroacetyl-f-cystine is described. b. S. Z. 

Bile Acids. IV. The Synthesis of Glycodeoxycholic and 
Taurodeoxychollc Acids. Heinrich Wieland [with Frl. 
IIepwig Stendeu] (Zrit.^ch. idif / shfl . Clitttf., 1919, 106 , 181 --190. 
Ccmivare A.. 1916, i. mud hi/dm:ide.y.^h^.n^,, 

iirepared from the acid deoxvcliolic eslor and hydrazine hydrate, 
forins colourless needles, m. ‘p. 208°. The hydrazide^ was then 
converted into the amor])hous (cide by treating it with hydro- 
chloric acid and sodium nitrite. From the azide. fil</rnd(’o.rt/(Jiolir 
ari/I was synthesised bv a modiiication of the method which Bondi 
and Muller used in the preparation of glycocholic acid; it forms 
colourless needles, m. p. 187 -188° (decomp.b and contains one 
molecule of water, whicli lost on heating at 150 a yacmim. 

Taiiro/lfnri/rhnlii' iti i'l. , "as 

prepared from deoxyrlioli.- arid azide in ttie form of 
hygroscopic, pri5mati<- needles grouped in rosettes, ni. p. . 

""AtSpts to piejiarc glvcocholeic an.l taurocholeic acids by oom 
bining the conjugated deoxvcholic acids with stearic acid failed. 
The nature and origin of the glycocholen* and taurocholeic ac 
prepared from the bile are discussed. 

Cryitallop-aphy of some 

Bases. E. tJciRriim {Riv. Min. Cnst. Itai, 191.), ' ~'J' 

The guanidine salt is trigonal, the piperidine salt 
pyramidal, and the diacetoneai.iine 
crystallographic data arc given. Chbmh.m. 
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Oxidation Potential of Ferri-Ferrocyanide Solution. I. M, 

Kolthoff {Chem. WeekUad, 1919, 16, 1406— 1415).— The 

influence of the hydrogen ions on the oxidation potential of solu- 
tions of potassium ferri-ferrocyanide has been investigated by the 
author. A considerable increase of potential was obtained by the 
addition of even 0'012*y-hydrogen chloride, and, taking the average 
for various determinations with different concentrations of hydro- 
chloric acid, it was found that e 0-41G~-0 0577 log (HCi)2-22. The 
influence of the acid is explained by the fact that the third and 
fourth dissociation constants of hydtoferrocyanic acid are compara- 
tively small, whilst hydroferricyanic acid is a strong acid. The 
concentration of the ferrocyanide ions thus becomes much lower on 
acidifying. The fourth dissociation constant of hydroferrocyanic 
acid is about 5 x 10“^. 

The author found no difference in the physical properties (except 
the colour) of solutions of a- and j8-potassium ferrocyanide. 
References to the results of other investigators are given. 

AV. J.’w. 

Bthauoltrialkylarsonium Hydroxides, M. Guogenhkim and 
E. Hug (U.S. Pat. 1308413). — Tri in ethyl -3-bromoethylarsoiiium 
bromide, prisms, m.^p. 239^^, is prepared by heating 5 parts of tri- 
inethylarsiue and 7*5 parts of ethylene dibromide for three hours at 
about 100°. Three parts of this jiroduct may be hydrolysed by heat- 
ing with 10 parts of water at 180° for four hours. Ethanoltri- 
methylarsonium [tntnethv]-/8'hvdro.vvethYlarsonium I bromide, 
HO«CH.,-CIL‘AsMe,Br, 

thus formed, is converted into the free base by the action of silver 
oxide. )5-Broniotetraethylarsonium itromide. prismatic crystals, 
m. p. 225°, may be obtained similarly from triethylarsine. The 
product may be hydrolysed to form ^-hydroxytetraethylarsonium 
bromide, and the latter can be converted into the free base bv the 
action of silver oxide. Trimethyl-Ahvdroxyethylarsonium hydr- 
oxide is a syrup which partly crystallises and has an odour like 
that of trim ethyl arsine. It is readily soluble in water or alcohol, 
and forms a crystalline chloride, m. 220°, which is soluble in 
alcohol. Chkmtcai, Absthacts. 

Bthanoltrialkylarftoiiium Compounds . M . G ugo enh ei m and 

E. Hl*g (U.S. Pat. 1308414). Eighteen parts of trimethylamine 
and 20 parts of ethyleim chlorobydriii are heated together at 
fur four hours. The product, wliicb is ]>artly solidified, 
is dissolved in alcohol, and. after concentration of the solution, 
ether is added to jirecipitate ethaiioltriinethylarsonium [trimethyl- 
Myd roxyelhyl arson iuin] chloride, OH’ChIT 4 *AsMe/’l, which may 
W converted into the hydi-o.xide by the action of silver oxide, 
Ethylene bromohy drill mav be used instead of the chlorohydrin iu 
feting the reaction. Tjiethylarsine, when used as starting 
niateriai, yields similar proclucts, containing ethyl instead of 
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methyl. The ethanoltrialkylarsonium hydroxides and their salts 
are stated to possess valuable therapeutic properties. 

Chemical Abstracts. 


Relations between the Constitution and the Physical 
Properties of the Hydrocarbons of the Benzene Series. 

K VON Auwers (.1 nnaUn, 1919, 419,92—120. Compare A.,191G. 
j * 130 ).— Examination of the physical constants of twenty-four 
hydrocarbons has shown that the compounds with ortho -side-chains 
occupy a peculiar position; whilst the density and refractive index 
ar© higher than those of their isomerides, the exaltations of refrac- 
tive and dispersive power are lower. In general the boiling points 
ortho-derivatives are higher than those of the isomeric hydro- 
carbons, although the differences are frequently small. The 
differences between the constants of ortho- and vicinal derivatives 
and those of their isomerides are much greater than the small dis 
crepancies observed between different specimens of the same sub 
stance as far as carefully purified material and accurate observa 
tion are concerned. The influences of constitution on the refrac 
tive and dispersive powers of position isomeric aromatic hydro 
carbons can only be detected with cerUinty in the cases of sub- 
stances with neighbouring side-chains ; the differences caused in the 
meU- and para-seriea lie within the limits of experimental error. 

The methods chiefly used in the preparation of the hydrocarbon^ 
are the Fittig synthe'sis, the elimiiiatiou of amino-groups from the 
corresponding amines by Friedlander’s method, and the reduction 
of suitable ketones with amalgamated zinc and hydrochloric acid 
according to Clemmeusen. The following constants are recorded. 

Benzene has b. p. 80^. 0-8867. D‘f 0‘880. n.- 1-50119, 

nr 1-50565, l'rd817. nf' 1-52867, 1-5022. Toluene has b. p. 

109—110^, Dl""' 0-8084, Df 0-866, nf* 1-49565, I ‘49762, 

1-50967 1-51970. «f; 1-4962. Ethylbenzene has b. p. 

l|5_l36^ 0-8708, Df 0-860. 1*49423, 149828, nf 

1-50953 k'*' 1 51904, nf; 1*4960. Propvlbenzene baa b. p. 158-b9^, 


11917G, 


1-49549, n" 


1-50630, 


isoPropvlIwiizene lias b. p. 152'9 — !5.)’4, 
11'“* 1-49063, n|^" 1-49441, n"' 1-50539, 


0-8681, Ilf 0 862, 
nf* 1-51533, n;» l-49-.'O. 

Df 0-866-2. Of 0-864, 

1 51466, ni’ 1-4930. , , 

’Foro.xylen«tbefollowi>if- data are Riven: 1- 

rectifiea over sodium, i,. p. ,p2-142-5», D 08 , 

b”' 1-50090, n|,” 1-50491, n]; ' 1-51668, n/ 1-5-659, ’ 

ji. Specimen from o-iodotoluene, methyl iodWe. 

;!h.5 : k P, 1«". ir. »«-a IT o«». ■ ■ ' I 


1-50664, n:,''''l'51846V<' '1-52838. nf 1-5049. IH. Specimen 
hom pure- o-3-xylidin0 

142—143®, Df' 0-8837, Df 0-880, nf’ 1-60368, n„ 1 
... 1 519.0 

when prepared from m-xylldme it has b. p. 13ia, n. 
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X)f 0'865, 1*49548, 1*49962, 1*61128 1’5*^119 

1‘497’3, For ^-xylene the following constants are recorded"*' I 
Museum specimen, b. p. 135—136°, 0-8627 n.Sft 9 R‘ 

Df 0•8e^ nr 1-49273, n}- 1*49682; 1.50849 n- Si 

„» 1-4957. II. Kahlbaum's product distilled over sodium b u 
130-137“, Df 0-8659, D-* 0-8658, Df 0-863 7“^ l-m67 «- 
1-49760, nr 1'50926 nj- 1-51907. n- 1-4959. IIL SpLi^en ’from 
p-dibromobenzene, b. p. 135—136“, 0-8624 0-85<) «'«-■! 

1-49335, n^’' 1-49734, 1 -50912, n’"'“ 1-51902, n^ 1-4*956 ' * 

r)-Methylethylbeni!eno lias b, p. 164*8 — IG-'r D'’'‘0.884l I)'.*' 

If flu’ 5’ «r 1'51745. n« i-,5SnS 1 5041’ 

w-Methylethylbenzene has I). p, I61'.5 — 162'5° 0*8690 n^'O.Rfi? 

"v ’ "r’” Him n? 1 4975: 

p.Methylethylbenzene (from p-bromotoluene has b. t> 161 162° 

Vf‘ 0-8601. Df 0-8597, Df 0-862, 1.48921 n“- 1-49303’ 

nj-* 1-50417, » 1-51353, nf 1-4943, whilst when prepared from 

p-toiyl methyl ketone it lias h. n. 161 — 162° D*-'* 0*8687 

1'493s 8, nf 1-50004, nf 1-51136: 

ro2 lib, Mf, 1*49 / 1. 


o-Methylpropylbenzene has b. p. 184°, Uf- 0*8770 Df 0-874 
JJ1573 1.49765, 1*50139, ?ir 1‘51218, 1-52125/ 1 * 499 . 5 ! 

?n-Methylpropv]benzene has li, p. IHl-fi— 182’5° 0*8648' 

Df 0-862, nl^ 1*49262, l-49i;40, 1*50738, n]' 1*51646, l*495l! 
p-Mcthylpropylbenzene iias ]>. p. 182—183°, 0*8642 Df 0*861 

nr 1*49371, n|f ’* 1*49749, 71^ 1*50803, 71^ 1-51804, 7if 1-4954. 

o-Methylisopropylbcnzene (o-cvmene) has b. p. 175—176° 
or 0*8789, Df 0j876, 77^^- 1*49826, 77;;-=' 1*50206, 71^' 1'51290,’ 
Kf'M*52165, nf; 1*500.3. w-Mctbvl7sopropv]}>enzene bash. p. 175°, 
Dr 0-8628, Df 0-860, 71’/ "' 1-49016, jjJf*-’- 1*49385, 1-50452, 

7iJ,''’*’ 1’51336, nf 1‘49*2.). p-Metliyli.'topropylbenzene, from toluene, 
isopropyl bromide, and almninium chloride, has h. p, 175—176° 
Df** 0*8631, Df 0*859, 1-49105, 71I; 1*19474, ?2;; 1-50537, 7if 1*51449! 

Tia 1*4925 ; the physical constant.s ai-e also recorded for specimens 
obtained commercially, from camphor and phosplioric oxide, from 
o-terpineol by Wallachs method, and from l-methvl-4-jS/?-dichloro- 
wopropvlbenzene by reduction with sodium and alcofcoL 
p-Diethylbenzenebasb. p. 183° Df U>8678 (Df'* 0*8679), Df 0*865, 
1-49499, iilf-’ M9897. 1*50993, nf- 1*51924, nf 1*4973. 

Hemimellitlienobasb. p. 175--17()° 744 mm' Df 0-8949, Df 0*895, 
Hf" 1*50930, l-5J3:b5, id; - 1*52503, «f '“ 1 53483, 7if 1*5132. 

f Cumene has b.p. 168 7— 169*25 1)^0*8794, Df 0-876, 7if n*50259, 
ill, 1*50672, ii’f* l‘.*)184l, 1 '528 16, iif 1*5046, Mesitylene has 

b.p. 165-160° Df'^ 0*8616. l»f0 8G2, 1*49403, 7i|;«' 1*49804. 

»rM*50936,nf^ 1*51891. iif 1*1967. 
l:2:3:4-Tetramethvll)en/ene has b. p. 203-204°, Df 0*9044 
1*51621, 1 52031, 7,f 1*53192, nf 1*51189, »*« DolSa! 

1 : 2 : 5-Trimethyl-4-ethvibonz(me has b. p, 211°, Df ^'’ 0-8866 
(I>r 0-8867), bf> 0-881 ji;;” 1 -.300.61, nj;''-'- 1-51017, nr 1-52103 
' 1'53112, nj 1-5086. 1 • : 5-Trinietbvl-2-ethylbenzene has b. p. 
il0-2''/753 mm.. Di'^O-SS^iy, D'f 0-886, nf"' 1-50875, n'.f ” 1-51274 
«; ■’ 1-52116, nj*® 1-53376, 1-5111. H. W. 
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Pyro-condensations in the Aromatic Series. Hans Mkybh 
and Alice Hofmann (Monatsh., 1916, 37, 681 — 722). — ^The first of 
three papers on this subject, the second having already been 
reviewed in A., 1917, i, 641, and the third in A., 1918, i, 66. The 
object of the initial investigation was to study the products formed 
by the decomposition of the vapours of non-halogenated aromatic 
compounds at the lowest possible tenijieratures, the method being 
similar to that described in a series of papers by Lob (1901—1905)^ 
Benzene begins to decompose into di])henyl at 650^ (compare 
Smith and Lewcock, T., 1912, 101, 1403). 

When kept for a few hours at a dull red heat, toluene vapour 
gives almost exclusively dibenzyl, the product which is formed 
when toluene is oxidised with potassium persulphate in the cold 
(Moritz and WolfTenstein, A., 1899, i, 424). At a bright red heat, 
however, hydrogen is also lost from the nucleus. The hydrocarbons 
which may be frozen out frem the mixture at -80° include 
dibenzyl, stilbene, and anthracene (see below), whilst a study of 
the oxidation products of the remaining oil reveals the probable 
presence of di-yMolyl and />methyldiphenylmethaue. 

At a bright red heat, /;-xvlene readily yields p-dixylyl, 

m. p. 81— 82^^ {ihii/,), but at a higher temperature (yellow heat) 
motre oil is produced. The chief by-product is pp'-flimethylstilbene, 
Mesitylene decomposes very smoothly, giving dimesityl. 
Ethylbenzene gives chiefly stilbene- and an oily by-product, which 
only yields benzoic acid on oxidation, and therefore contains no 
hydrocarbons with condensed nuclei. The production of stilbene 
may be due to the elimination of methane and the union of the 
ICHPh residues, or to condensation to )3y-diphenylbutane and loss 
of ethylene. 

Dibenzyl gives stilbene and a very little toluene, with consider- 
able quantities of anthracene, but no trace of phenanthrene. 
Stilbene, however, gives no anthracene or phenanthrene. This 
remarkable difference between dihenzyl and stilbene is explained 
Jby assuming that the positive methylene groups in the former 
bring the negative benzene nuclei idose to the eonnecting chain, 
whereas the negative ethylene linking in stilbene keeps the nuclei 
at a distance, thus: 


/\/ 

u 


CH, 

! 

CK, 


a; 


and 



Several facts ^support this idea. In the first place, di^ydrfr 
anthracene, which should be the primary product from dibenzyl, 
TMuases rapidly into anthracene at a red heat, and yAxylene or 
/>-f!ixy]yl gives 2 : fi-dimethy)anthrac.ene at a bright red neat, 
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where« mwitylene or dimeaityl forms „o anthraoone derivative 
SimiUriy, benzylanihne passes ro readily into acridine 

oi:.x) - (xx> 

UH 

that this pyrogenic method may be employed with advantage in 
the preparation of acridine, whereas henzylideiieaniline ® 
CjHs-CHINPh, 

proLcte*'** diphenyl, and snch 

Benaaniiide gives a good yield of phenanthridoiie, m n 290= 
which IS reduMd to phenanthridiiie by distillation over ainrdust ’ 
When diphenylmethane vapour is exposed to the glowing 
platinum spiral for seven hours, the products are benzene, toluene 
a trace of diphenyl, and small quantities of anthracene, bk chiefly 
fluorene, the pro,^ ranking as a convenient synthesis of this 
hydr^rbon. It is stated that Cariielley’s “ y-methylenediphenyl " 

Benzophenone is not easily changed, but the initial prodiicta are 
benzene and benzaldehyde. 

Diphenyl ether readily yields diphenyl ene oxide, tti. p §1® 
Diphenylamine gives carhazole and some hydrogen cyanide but 
di-a-naphthylamine loses ammonia and forms naphthalene instead 
of a substituted carhazole. 


Acetanilide react* mainly according to the eouation 
2NHPh*COMe" NHPh‘CMe!NPh + MeCOoH. 

The bases are extracted from the ethereal solution of the product 
and then submitted to distillation in steam, when small quantities 
of aniline and o-ami noacetophenone (recognised hy its jasminedike 
odour) pass over, leaving a little p- ami no acetophenone and the 
diphenylethenylamidine behind. 

Naphthalene decomposes into /5i3-<linaphthyl at a dull red heat, 
but as the temperature is raised more and more oa-dinaphthyl is 
formed. The so-called o)5-dinaphthyl (Smith, T., 1877, 32, 559j 
Wegscheider, A., 1891, 216) is probably impure o«-dinaphthyl 
Diphenyl gives 4 : d^-diphenyldiphenyl, 
ni< p. 310^. o-rt'-Ditnlyl, from o-iodotolnene by heating with 
copper at 250°, reacts rapidly at the glowing spiral to form phen- 
authrene, which apparently gives di])henanthryl when the heating 
IS continued. Anthracene gives 5 :r>^-diauthryl, but authraquinone 
residues link up in the 2 : 2^- posit ions. 

Weger reported the production of naphthalene by the passage 
of ^^f/opentadiene vapours through a red-hot tube {Znisch. mujeu\ 
ywr,, 1909, 22, 344), but this must have l>een due to the total 
oisruptioti of the molecule anti rebuilding from the ethylene and 
acetylene produced. Under the present conditions, no naphthalene 
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could be found, the products being partly evil-smelling oils and 
partly soluble or insoluble, but amorphous, solids. 

The so-called “ Crackene" [with Paul R, von Lendenpeld].^ 
Klaudy and Pink (A., 1900, i, 284) isolated “crackene” from the 
so-called red pitch formed in the ' cracking’' of oils, and suggested 
that it might be identical with beiizerythrene/’ since proved to be 
the above 4 :4'-diphenyldiphenyh but certainly not with pioene. The 
present authors were struck with the fact that various fractions of 
the hydrocarbon varied slightly in colour. By treatment with a 
small quantity of bromine in warm chloroform, followed bv 
repeated crystallisations from boiling xylene, they have succeeded 
in removing a coloured impurity and establishing the substance as 
picene. Picene may be characterised by conversion into picetie- 
quinone, and formation from this of picenequinoxnline (I), micro- 
scopic, yellow needles, by condensation with o-phenylenediamine 
Picenequinone also forms a yellowish-hrown duicetf/l derivative 
(II), which may be hydrolysed to a dark dihydroxy-derivative. 



The acetylation is therefore accompanied by reduction. Picene. 
and benzerythrene are said to dissolve in concentrated sulphuric 
acid with green colour. The p\ue hydrocarbons really give colour- 
less solutions, picene exhibiting pale blue fluorescence. 

J. C. W. 


The cyc/oPropane Series. VII- Nitrocyc/opropanes. E. P. 

Kohler and K. F. Enoei BUECin (./, .1 mer, Chem. Soc., 1919, 41, 
1379 — 1384. Compare this vol., i, 533). — Phenyl styryl ketone con- 
denses with nitromethane to form phenyl y-nitro-jOi-phenylpropyl 
ketone, which yields two ad>romo-(ierivatives wlien treated with 
bromine in chloroform. The principal product has m, p, 100°, and 
is transformed into the isomeride, m. p. 106° (not 86°, as given in 
A., 1916, i, 404), by cryst-allising from an alcoholic solution of 
hydrogen bromide. The bromides, 

NO,-CH./CfIPh-CHBr-CH.,‘COPh, 


readily 

NOs,*CH 


change 



into 2 - nitro - \ - Ifen: oy/ - 2 - p/i e n y fcycl 
when treated with an alcoholic solution of potass- 


ium acetate. The compound crystallises in clusters of stout prisms, 
m. p. 98°, and is changed by the action of hydrogen bromide dis- 
solved in acetic acid into phemd y-hromo-^Nitro'y’pker)f/l]n'oi^!il 
heione, CHPhBr»CII(NO.>)'('H:,-COPh, which forms colourlw^ 
plates, m. p. 115 116°, and Ixfoomes yellow in sunliglit This 
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ketone is veij sensitive. When boiled with methyl alcohol and a 
little ammonium bromide, for example, it changes into 2 ■ 6-diphenyl- 
furan, and when heated above its m. p. it gives a pale yellow suV 
stance, plates, m. p. 77°, which is probably 3-lrom„.\ -idipheml- 
furan. The cycfopropane derivative reacts most readily with bases 
but the products are complex mixtures. With sodium methoxide 
solution, under special conditions, it is possible to isolate oS-di- 
phenylbutan-a-y-dione, CHoPIrCO'CIIo’COPli. J C W 

Decomposition of Tetranitromethylaniline f 2 • 4 • 6-Tri- 
nitrophenylmethylnitroaminel. Edmund von Hkr*z (Z, qes. 
SchiefiS. u, SpTenqstoffir.^ 1919, 14, 1;)5 — 157; from ('he in. 

1919, iv, 163).— The author 3 previous conclusion that the decom- 
position can be causer! ])y electrolytic processes is confirmed 
by further laboratory experiments. Diazo-conipounds similar to 
dinitrobenzoquinonediazide are probably formed, and not azide 

substances, such as O:Q.R,(N02)p<n. It is certain that the reac- 
tions which result in the decomjjosition products affect the benzene 
nucleus exclusively; the occurrence of ammonia, inethylamine, etc., 
is due solely to secondary changes, and has no influence on the 
characteristic transformation ol the nucleus. Tlie observed pheno- 
mena are not a specific property of tetryl, but are common to all 
trinitro-derivatives of benzene, such as trinitrobenzene, -toluene, 
-phenol, and -cresol. Decomjiositions of mercury fulminate in zinc 
capsules covered with an inner cap of copper or brass are probably 
also to be attributed to local electric currents, H. W. 

Proteinogenons Amines . V . The Preparation of 
p-Hydroxyphenylethylamine Hydrochloride (Tyramine 
Hydrochloride). Karl K. Koessler and Milton T. Hanke 
[J. liioJ. (hem., 1919, 39, *'>85- -592). -Certain improvements 
ia the method for the synthesis of //-hydroxy phenyl aceto- 
nitrile as given by Pscborr, Wolfes, and Buckow (A., 1900, i, 170) 
are recorded. The reduction of this substance is effected by a 
method which it is claimed is more satisfactory than that employed 
^by Barger (T., 1909, 95, ir27). The />-liydroxyphenylacetonitrile 
is dissolved in alcohol and treated with sodium, and after reduction 
is completed, the solution is rendered acid with hydrochloric acid. 
p-Cresol and //-hydroxyphenylacetic acid may then be removed by 
extraction with ether, after which the solution is rendered strongly 
alkaline and the tyramine is extracted witli amyl alcohol. The 
amine may be extracted from tlie amyl alcohol by shaking with 
dilute hydroc'hloric acid. Yield. 58% of theoretical. The ^/-cresol 
and phydroxyphenylacetic acid present in the ethereal extract may 
be separate<l and isolated by shaking with sodium carbonate aolu- 
tion. The ethereal fraction retains the p-cresol, whilst the alkaline 
aqueous solution removes the /^hydroxyphenylacetic acid. J. C. D. 

The Problem of the Physiological Polypeptide Synthesis. 

Emil Abderhalden and Hans Spinner { Zi ' ifi ^ ch . phyi ^ ol . (7Arm., 
1919, 106, 309— 312).- -By treating glycine with iWnzaldebyde in 
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absolute alcohol and sodium hydroxide, a condensation product iden- 
tical with the benzylidene compound of jsodiphenyloxethylamiue is 
obtained in small needles, m. p. 132<'. By treating glycine dis- 
solved in sodium hydroxide with benzaldehyde and then oxidising 
with potassium permanganate, benzoic and hippuric acids are 
obtained. Z. 

Dlalkyldiarylcarbamides. H. AVinkkl (U S. Pat. 1307570).— . 
By conducting the reaction at 80 90°, diphenyldiniethylcarbainide 
is prepared bv passing carbonyl chloride directly into a mixture of 
methylaniline" and dimethylaniline (whicli may also contain small 
quantities of aniline) without the use of a solvent. Aniline, methyl- 
aniline, and dimethylaniline may be mixed, in the proportions of 
10, 40, and 50 parts respectively, and this mixture treated with 
carbonyl chloride until conversion of the inethylauiline into di- 
phenyldimethylcarbamide is completed as indicated by cessation of 
absorption of carbonyl chloride. The reaction mixture is then 
treated with dilute hydroclilorie acid for the removal of dimethyl- 
aniline, and the product reniaiuing is washed free from acid with 
water. ' It may tlien be further purified by crystallisation from any 
suitable solvent Chemical Abstracts. 

Nitrones and Nitrones, H. Staudingeb and Karl Miescuer 
{Helv, Chim. Acto, 1919, 2, 554— 582).— Iri connexion with his 
well-known studies of compounds witli twin bonds, Staudinger 
now describes several reactions of nitrones and a new class, the 
nitrenes. Nitrones are comparable in structure with the tautomeric 
forms of oximes and with ketens, thus: 


Akio*. Keto.. 

Ketens., R’CHlClO or R.^C:('lO 

Oximes R*0H:N:O RjtJNU) 

ii H 

Nitrones R-(‘H:N:0 R,C:N:0 


R A 


and nitrenes are comparable with allenes, thus : alleiies, R.CiCICR-i; 
nitrenes, R>C:n:CR.„ Tlje simple nitrones are produced hy the 

alkylation of oximes, or by the action of aldehydes on A-substituted* 
hydroxy la mines. They are often formulated as cyclic ethers, thus, 

although the evidence in favour of the nitrone formula 

(the name was proposed by Pfeiffer. A., 1916, L 3*27) has become 
very strong in recent years (compare Forster and Ilolmes, 1., . 

03’^ 244* Brady, T.,*1914, 105, 2104; Semper and Lichtenstadt, 
A. ^ 1918 i 437), It is now found that the *' keto -uitroneN 
ILO^NRlb,' are readily obtained by the action of aliphatic diazo- 
compounds on nitroso-compounds, the reaction being ^ 

by the following scheme, although no intermediate pr i 
° VT r\— — w 


been i9olat6<i : 




'«<orJ 


BjC!NR!0. The presence of two double liukiugs in these nitrones 
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ia revealed by the fact that they combine with diphcnylketen in two 
stages, thus: 

phjC:sPh;o+PiijC:co cPhj:NP),<^^j^co (i) 

l+PtijOCO 

(ii) 

The nitrenes are formed when the products of the type I are 
heated, carbon dioxide being evolved. They are quite stable com- 
pounds, but capable of many reactions, of wliicli combination with 
diphcnylketen is particularly described. 

fUscperiTnenis with Diphenpidufzomethone . — Kitrosobenzene reacts 
with diphenyldiazometliane (A., 1916, i, 850) in ice-cold benzene to 
form dip]) enyl-A-phenyl nitrone, CPliolNPliIO, which separates in 
pale yellow needles, m. p, 216—217° (decomp.) (Angeli, A,, 1911, 
i, 544, gives m. p. 214^). The following reactions are described: 
(1) hydrolysis to benzoplienone and y;-ami nophenol, by boiling with 
dilute sulphuric acid, thus; CPluINPhlO + H^O CPhgO + 
OH'NHPh — ^ j (2) fission by means of hydroxyl- 

amine or phenylhydrazine, benzophenone-oxime or -phenylhydrazone 
being formed; (3) reduction to benzophenoneanil by heating with 
iron powder; (4) oxidation to benzoplienone and nitrobenzene by 
ozonising and boiling the product witli water; (o) decomposition 
on heating, either alone or with benzene at 250°, into benzoplienone, 
benzophenoneanil, and nitrosobeJizeiie. The nitrone combines with 
phenylcarbimide (1 mol) in lienzene to form a compotihd, 
m. p. 164 - 165°, which loses carbon dioxide at 210° 
and is reconverted into the nitrone by Ixiiling with alcohol. The 
eaction with dipheiiylketen in cold benzene, in an atmosphere of 
arhon dioxide, results in the formation of the above pale yellow 
'(mpf)iinfl (I), m. p. lfil° (carbon dioxide evolved), the second own- 
\mitid (TT), a white, crystalline powder, m. p. 166—168°, being 
formed if the reaction is rarried out in Ixiiling benzene. 

T(fr(iphetnild^-phenyh)ifrfii(\ (,'Ph.>!NPh!CP]io, is formed by 
heating compound (li at 190°. Ii crystallises in small, yellow 
prisms, m. p. 137°, and may be reduced by aluminium amalgam in 
ether to XPh(CHPh^>).>, which crystallises in 

silvery needles, ni. p. 160- -161°. is so feebly basic that solutions in 
mineral acids deposit the base on dilution, and may be synthesised 
by heating together benzhydrylaniline, diphenylbromomethane, and 
(piinoline. The nitrone ccnihiiie.‘< with dipheiiylketen to form a 
white necilles, m, ]>. 203‘5- '204‘5°, and with 
hydrogen chloride to give a mniphuml, m. p. 163°, both 

products yielding the nitrene again when heated. 

[With E. ScHLKNKKR.) DiplienylcHazomethane reacts with 
jHiitrosotoluene to give 

rph,:N(C:H;):o' 

pale yellow needles, m, p. 153° (decornp.), which combines with 
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diphenylketen to form the comj>ouii(l, CPh.i:N(C,H 7 )<^^^ ’ 

HI p 16P this decomposing at 170^ into /^^my>/^cny^N-p-<o^yl 
nitrene, CPh 2 :N(C 7 H 7 ):CPh 2 . yellow crystals, m. p. 118®. 

/^Nitrosodimetlivlaniline and diphenyldiazomethane produce 

(H pA f meth y/ n mi n o pfi enpltti tronCf y , as 

a pale yellowish -green powder, m. p. 186— 187® Mecomp.). Thig 
gives a yellowish -green compound, C 35 H 30 O 0 N 2 , with diphenylketen, 
which decomposes at 169® into tciraphenyh'^-pdimcthylamina. 
phenylnitrene, CPh 2 :N(CgH^«NMe 2 ):CPh 2 , orange-yellow crystals, 

m. p. 155°. -Tv T. , 

ExperimenU with other — Uiphenylenediazo- 

methane {ihid.) and nitrosobenzene produce diphenylen€-’'^-iditnyl 
O H 

nitrontj I* *^CINPhIO, long, dark yellow needles, m. p. 

192—193° (decomp.), its diphenylketen comimund, CssHogO-jN, pale 
yellow m, p. 157 — 158° (decoinp.), and di phenyl enediphenyU}^- 
^ ^ C H 

phenylnitrene, r^<>C:NPh:CPI'^ obtained as an impure, green 

powder, m. p. 90 — 100°. Phenyldiazomethane and nitrosobenzene 
give phen phen yl nitrone , CHPh.NPh.O, m. p. 112 — 113°, 
which is the product obtained by the interaction of benzaldehyde 
and phenylhydroxylaniine. This nitrone decomposes when heated 
according to the scheme: 

^ CeU^'CHO + N^Ph., 

CHPh:NPh:0 O<|yp^-.>CHPh:NPh + 0 ; 

0,H,-NO + C,H,Phj 

with the exception of the stilbene, all the products have been ideii- 

^ o*co 

tified. The diphenylketen romimnnd, CHPh!NPb«^ , is 

white powder, m. p, 186—190°, which decomposes on heating at 
215° into triidienyl-'^-phenylniirtne, CHPhiNPh.CPiu, pale yellow 
crysUls, m. p. 105- 106°, but also sufTers rearrangement to a certain 
extent into a prudnct, m. p 223°, probably represented by the 


formula NPh<^^ * . 


Ethyl diazoacetate and nitrosobenzene only react slowly and give 
a viscous, reddish-yellow oil, which decom|x>ses on distillation m a 
vacuum into ethyl glyoxylate and azobenzene. 


Etoctroeh^mical Oxidation of Phenol* and ’ 

Fr. Fichteh and Franz Ackkumann (llelv. dim, ^ 

.583-599).— A continuation of previously published work on i 
electrochemical oxidation of phenol (Fichter and d 

i, 946V It has been shown that the electrochemical oxida 1 

phenol produces o//-dipheiioi and pp^-diphenol, whic are 
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mediate products in the formation of quinol and catechol In the 
present experiments, 5*5 grams of catechol dissolved in 60 c.c. of 
0 ’ 5 i\^- 8 ulphuric acid were subjected to a current of 0*02 amp./cm.^ 
between lead electrodes.- Whezi no diaphragm was used, the pro- 
ducts consisted of carbon dioxide, carbon monoxide, a volatile liquid 
with an odour of butyric acid, which consists of a mixture of 
butyric acid and its lower hoinologues, particularly formic acid, 
and succinic acid. When a diaphragm is used, the product consists 
of fumaric acid. The electrochenncal oxidation of phenol to 
fumaric acid is represented by the scheme : 


OH 



\/ 


OH 


OH 
/ 

k/ 

OH 


'y>H 


/ 

‘I 
\/ 
0 


0 

6 


|0H 


CH-CO,H ' 
11 * . 
CH-CO^H 


A number of experiments are described in which an attempt is 
made to ascertain the relative quantities of catechol and quinol 
produced in the electrochemical oxidation of phenol By means 
of E.M.F. measurements, it is shown that at low concentrations 
quinol is a more active de])olariser of a platinum electrode in 
2J-sulphuric acid than catechol, but at concentrations above 
0 05 J the relationship is reversed. In a neutral solution, phenol 
has no depolarising action, and catechol has a much stronger 
depolarising action than quinol In the case of a lead dioxide 
anode, catechol is much the strongest depolariser. so that the results 
allow no conclusion to be draw'n as to the ratio of the two sub- 
stances formed. An estimation of the amount of carbon dioxide 
formed in the electrolysis of phenol, catechol, and quinol, respec- 
tively, leads to the result that <ap])roximately the same quantities 
of quinol and catechol arc formed in the electro-oxidation of phenol 
An attempt to estimate directly the amount of quinol formed 
yielded no de6iiitc result, chiefly because of the presence of a resin 
ill the products. The formation of the fatty acids is due to a 
reduction of the catechol, followed by an oxidation of the product 
of reduction. The red mt ion product of catechol is shown in a 
separate experiment to be f’v/'/^/hexaiiol. This can be prepared by 
reducing a solution of grams of catechol in 50 c.c. of 

-.V-snlphurio acid in a larire platinum crucible with the anode in 
a porous ])ot. The high boiling residue of the electro-oxidation of 
plienol is shown to consist of dijihenols, o-hydroxyphenyl ethers, di- 
phenyl, teirahvdroxvdiphenyl, and a dihydroxydiphenyl etlierof the 
fornnda The electro-oxidation of o-cresol 

(o40 grams in litres of ,V sulphuric acid) by a current of anode 
density 0 0025 amp./sq, cm. without diaphragm and with vigorous 
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stirring gave, after 135 ‘3 amp. hours had been passed, a dark 
brown oil and an aqueous solution. The oil (insisted of o-dicresol 
and the aqueous solution contained 2 :5-toluquinone. The present 
results, together with previous work, show that the electro-oxidation 
of o-cresol may be represented by the scheme : 




HO<^ ^OH-> O=<(_)=0. 

Similar experiments with j?-cresol yielded from the aqueous layer 
toluquinone and beiizoquinone, whilst the oily layer gave />-dicre8ol 
and 2 : 2^-dihydroxy-5 :5'-diraethyldiphenyl ether. The formation 
of the latter compound is regarded as due to the loss of a molecule 
of water from two molecules of homocatechol. The electro- oxida- 
tion of y^-cresol is represented by the scheme : 

CH, 

-()■ 

OH 

The formation of 2 : 5-toluquinone and y^benzoqui^lone in the pre- 
sent case is attributed to the presence of ///-cresol in the material 
used. The oxidation scheme for /w-cresol is represented as follows: 
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J. F. S. 


Certain Amino- and Acylamino-phenol Ethers. Michasi 
Heidelberger and Walter A. Jacobs (./. Amer, ('hem. *SV., 1919, 
41 , 1450 — 1472). — Derivatives of Phenol and o- and ^h-Cresol. 
— Cijloroaceto-'>-anisidide, from the base by the method already 
described. (A., 1917, i, 552), has m. p. 48*5—49® (corr.). (JMonh 
aceto-m-eitnsifliJe, OMe*Cf,H 4 *NH*CO*CH<,Cl, forms tufts of 
needles, m. p. 90-5-91® (corr.). “Chff/roaceto-Chphenetme 
crystallises in hexagonal rhombs, m. p. 65 ‘5 — 67*0® (corr.), an 
chloroaceto-m-jihenetidide in glistening, flat needles, m- P- 
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125*5— 126’5°. A ceto - 4 - methoxy-m-ioluidtdfi 

scales, m. d 103— y ^^ loiuiatde, large, nacreous 

u «IfTri 4 .* * j ^ ^ ’ from 5 >ammo-o-cresol fA 1917 i 

:a, p. 90-92». 4.MethoxT-o f 

rrS'iisr'^V-rs 

foims golden-yellow, flat »etdL7 

intumesce at 197—198°, then resolidify ’ an needles, which 
(decomp.). The crude sodium salt of’ th I 
phosphorus peutachloride, and the prLuct iT'lnv 

sulphonamide, m. p. 233 235*5° fnAt T^n,.,*fi the 

lysed by dilute hydrochloric Li L Mro- 

^ r 4.U 

n? 1140 oil 7 Pa-^e pink, nacreous plates m n 

113-114». 3-/r,y(/ro,rv-4-Wf^;,o,rvr;,/«™,70fM«,7,'rf,. also form, m?.! 

pink, nacreous plates, m. p. HO — P^no n Vi-i. \ so rorms pale 

with diazotised sulphanilic acid and the dve 
tiU.T,ipheml, dark red plai, witk oh n ^ 

SHFi-SpSSit 

omp,|)H^:NH.c^ 

3 -f T 34 Tr"'7';''*’ ^“'^y .leecis nr V 

\<i A 1 ® *’^®thoxyphenacetin ?. A. 1901 i Thi- 

SieV^taL'^rn'^T 

wolly needles, in p ^13^. r;' iVfio ' The' *"'' ''^<'»'-««(e1amh,1e, 

aHr.n - *do . The same compound, on ethvl 


W V eld,!’ ; r^:u ^ «> 

’ y elds 3. 4.diethoxy, acetanilide, m. p. 124 - 


125*5° 


(Wisinger. 
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A., 1901, i, 205), from which '^'A-diethoxyaniliney creamy prisms 
m. p. 47*5 — 48*5®, and 3 A-diethoxychloroacetanilidef m. p’ 
122*5 — 124*5°, may be obtained. 

Derivatives of the Ethers of Resorcinol. — Resorcinol 
monomethyl ether is coupled with diazotised sulphanilic acid, and 
the dye, ^•mlphohenzeneazo-m~meAhoxyyhenol^ 

S 03 H-CcH 4 -N:N-CcH 3 ( 0 H)- 0 Me, 

lustrous, brownish-orange platelets, with IHoO, a brick-red powder 
decomp. 250°, when dried, is reduced to 4i-amino-6~methoxyphen<il 
(4:-hydroxy-6~inf4hoxyaniUne)f pale purplish-brown needles, m. p. 
175 — 180° (the hydrochloride is described by Henrich and Rhodius 
A., 1902, i, 447). The base is converted into 4,-hydroxy-^-meihoxtf, 
acetanilidey pale pink aggregates of minute needles, m. p. 
169 — 171*5°, and the clLloroacetanilidey nacreous platelets, m. p. 
165*5 — 166‘5°. p - Sulphohenzeneazo - m - ethoxyphenol^ flat 

brownish-orange needles, with IHoO, or a brick-red powder when 
dried, is obtained from resorcinol monoethyl ether and converted 
into A-amino-b -ethoxy phenol (i-hydroxy-Q-ethoxyaniline)^ grey, 
microscopic leaflets, m. p. 152 — 154°, i-hydroxy-^-etkoxyaeet- 
anUide, pointed prisms, m. p. 172*5 — 174 "5°, and the ckloroacef- 
anilide, feathery aggregates, m. p. 158*5 — 161°. 2 :4-Dimethoxy- 
aniline, m. p. 32 ‘5 — 33*5°, is obtained from 4-hydroxy-2-methoxy- 
acetanilide (compare Bechhold, A., 1889, 1155) and converted into 
2:4.-di7nethoxychloroacefa'niJide, slender needles, m. p. 89*5- -90° 
(corr.). The same compound is also ethylated, and thus made the 
source of 2’methoxy-i-efhoxy(tcef anilide, pale pink, glistening 
platelets, m. p. 117*5 — 118-5°, 2-mefhoxy-i-ethoxyanilme, faintly 
pink rhombs, m. p. 27*5 — 28*5° (corr.), p. 151*5 — 152*5°/ 
12 mm., and the chi or once fan Hide, flat, narrow, striated plates, 
m. p. 97*5 -98°. The above 4-hydroxy- 6 -ethoxyacetanilide ia 
methylated or ethylated, and converted in turn into 4-metho.ry- 
Q-ethoxyacefnnilide, faintly pink, silky needles, m. p, 100*5 — 101°, 
A-rnethory-^-ethoxy aniline, m. p, 22*5°, b. p. 144 — 144*5°, the 
chloroacetanifide, m. p. 126-— 127°. 2 : 4 - diethoxyacetanilide, 

2 :4-diethoxyaniline, m. p. 33*5 — 34° (Will and Pukall. A., 1887, 
G60). and 2:A-diethoTyrhloroacetnnilvh, woolly needles, m. p. 
102 103° respectively. d. C. W. 

Nitro -compounds for l]^ in Explosives. 0. M. Stine 
(U.S. Pat. \3h2>ob\).—iy()iiir()xylylenr nitrate y 
C6H.;,(NO.)l(CH.rO*NO.,)„ 

is produced by chlorinating xylene at 100° in sunlight until an 
increase in weight corresponding with the formation of the dichloro- 
derivative has been attained, cooling the reaction mixture to obtain 
a mass of crystals of 7 >xylylene chloride, and, after filtration, nitrat- 
ing them with a mixture of nitric and sulphuric acids until a 
dinitro-derivative is obtained ; this is heated with water under a 
pressure of 20 lb. per sq. in. until the chlorine has been replaced 
by the hydroxyl group, then evaporating the aqueous solution to 
expel water and hydrochloric acid, and obtain dinitro-p-xylylcj^^ 
hydroxide in well-defined crystals which are further nitrated. Tic 
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final product is a white, crystalline substance, which is stable and 
constitutes a powerful explosive. Tlie following substances are also 
mentioned as capable of similar production and use: dinitroxylyl 
nitrate^ nitrohydroxyxylyltne nitrate^ dirtUrnky drossy xylylene 
■nitrate, CV,HMe(N 02 ) 2 (CH 2 - 0 -N 02 ) 2 . 

Chemical Abstracts. 

Hydroxycholesterol. HI. I.I jfschOtz {Zeiisch 'p'hysiol. Chem., 
1919, 106, 271—296. Compare A., 1914, i, 683; 1916, i, 558).— 
Cholesterol dibromide, prepared by brominating cholesterol, gives up 
a part of its bromine on heating with acetic acid. The bromine is 
removed from the di bromide more readily by boiling with water. 
By boiling for .some time in the pre.sence of sodium acetate in a 
reflux condenser it may be removed entirely, giving rise to a mixture 
which is partly amorphous and partly crystalline. The spectrum 
analysis and other reactions show that the amorphous product is 
hydroxycholesterol, identical with the compound obtained by the 
oxidation of cholesterol. The formation of hydroxycholesterol from 
the dibromide of cholesterol is represented as follows: 

("*H CHBr CH 

The double bond of the cliolesterol eliminated by the bromination 
is thus re-established. 

The crystalline substance, rn. p. 139 — 141*^, is a modified chole- 
sterol, for which the author projmses the name of metachohsieroh 
A similar substance is prepared directly from cholesterol by oxida- 
tion, Mineral aeWs have tlie same effect on cholesterol dibromide 
as water, only the reaction is more vigorous. 

On boiling cholesterol dibromide with dilute aqueous potassium 
hydroxide, hydroxycholesterol as well as the unchanged dibromide 
is obtained. Alcoholic potash, on the other hand, pro<iuces a sub- 
stance which shows tlie properties of a hydroxy-derivative of chole- 
sterol, but is not identical in its properties with tlie known hydroxy- 
cholesterol. The author names this substance hohydroxychohsterol. 
Details are further given of tlie bromination of hvdroxycbolesterol. 

S. S, Z. 

Crystallography of Phenyl Benzoate. Maria Stura 
Mia. Crist. Jud., 1917, 48, 86— 90).— This compound is monoclinic; 
complete crystallographic data are given. Chemical Abstracts. 

Action of Cyanogen Bromide on Aromatic Hydrocarbons 
under the Influence of Aluminium Chloride. P. Karreh and 

E. Zeller {Hdv. Chiw. dcO/, 1919, 2, 482— 486).— When aromatic 
hydrocarbons are mixed with finely powdered aluminium chloride 
and freshly prepared cyanogen bromide and subsequently wanned 
until evolution of halogen hydrides ceases, good yields of nitriles 
are obtained. Toluene gives p-tolnouitrile with a very little of the 
o-nitrile, and anthraceue, dissolved in carbon disiilpliide, gives the 
unknown anfhracenf-^ carhoxyhniitrde, m. p. 170—172°, which is 
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identified by hydrolysis to the known acid and oxidation to antlira- 
quinone. 

Scholl and Non* obtained quite different results when investigate 
ing this reaction (A., 1900, i, 386). It may be that they did not 
use fresh cyanogen bromide, for this is essential to the production 
of nitriles. J. C. W. 

Preparation of Vanillin. Confectioxeuy Ingredients, Ltd. 
Francis Edward Matthews, Albert Theodore King, and Thomas 
Kane (Brit. Pat., 131161). — Acyl derivatives of 4-liydroxy-3- 
methoxybenzoyl chloride, such as the acetate, benzoate, or carbonic 
ester or the to! uenesul phonic ester, and aryl alkyl derivatives, such 
as the benzyl ether, are reduced to the corresponding vanillin deriv- 
atives when their solution in toluene, xylene, or. other suitable inert 
solvent is subjected at boiling temperature to a current of dry hydro- 
gen in presence of a suitable catalyst; this may consist of any metal 
ordinarily known to be suitable for carrying out hydrogenations 
or reductions in liquid media (although palladium is preferred), 
deposited if desired on asbestos or barium sulphate or other suitable 
carrier. The product of reduction is hydrolysed to vanillin. Tims 
a nearly theoretical yield of vanillin sodium hydrogen sulphite is 
obtained when dry hydrogen is passed through a boiling mixture of 
vanilloyl chloride ??-toluenesulphonic ester (154 parts), dry xylene 
(1000 parts), and palladised barium sulphate (5%, 30 parts) until 
evolution of liydrogen chloride ceases. H. W. 

Benzaldoxime Peroxide. Paul Rohin (C%npt. rend., 1919, 
169, 695— 696).— Contrary t-o Beckmann’s results (compare A., 
1889, 980), the author finds that when benzaldoxime peroxide is 
boiled in benzene it decomposes, giving benzaldoxime and dibenz- 
enyloxyazoxime. When o.xidised by iodine and sodium carbonate 
the peroxide gives dibenzenyloxyazoxime and its decomposition pro- 
ducts. W. G. 

Hydroxy-carbonyl Compounds. II. Synthetic Experi 
ments in the Filix Group. P. Karrer (ilclv. Chm. Acta, 1919, 
2, 466 — 481. Compare this vol., i, 160). — The extract of male fern 
Toot {Aspidiu?n filix mas;), which is the favourite remedy against the 
tape-worm, contains a number of active principles which have been 
investigated by Boehm (A., 1898, i, 40; 1899, i, 32. 804; 1902, i, 36, 
37). These are all butyryl derivatives of jililorogluciiiol ethers, 
aspidinol having one benzene nucleus, albaspidin and flavaspidic 
acid having the structure of diphenylmethane, and filixic acid tliat 
of tripbeuylmethane. With the exception of the alkaloids of the 
pomegranate root, all other known t-oenia drugs are also butyric or 
riobutyric acid derivatives. It is, therefore, of interest to synthesise 
simple butyrophenones in order to test their physiological action. 
In addition, many indications have been received that the activity 
of related substances is greater the fewer the number of methyl 
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gtoUps which are present as substituents in the ililclei. For exampJe, 
trypaflavine is more active than acridiue-yellow, salvarsan than 
its dimethyl derivative, and cignolin than clirysarobin. Conse- 
quently, tlie aim in the present synthesis is to obtain butyrophenone 
derivatives with as few methyl groups as possible. Hoesch's method 
has again proved successful, the butyronitriles condensing quite 
readily with pliloroglucinol derivatives in the presence of hydrogen 
chloride and zinc chloride. 

Phlorohut]/roph^non€ \^l\^:^4nkydrojoy phenyl propyl ketone] 
crystallises in long needles with IHgO, wliicli lose water at 110^ and 
then have m, p. 179 — 180^. It gives an intense red colour with 
ferric chloride, and couples with diazoaminobenzene to form 
^j>\i:^4rihydroxy~o:b-dibefizene<(tophenyl propyl ketwie^ in felted 
masses of orange'ied needles, in. p. 136—137°. PJUorokobutyro- 
uhtnone [2:4: ^-trlhydroxy phenyl isopropyl ketone] also crystallises 
with IH 2 O in white needles, m, p. 177—178° (mixed m. p. 174°), 
Methylphloroglucinoi is prepared by dissolving pliloroglucinol in 
water, adding hydrochloric acid and formalin, and reducing the 
^ecipitate of hexahydroxydiphenylmethane with zinc dust and 
jodium hydroxide. It reacts as above to form methylphlorob-utyro- 
liJie 7 ione :(j4rihydroip-m4oIyl propyl ketone], which crystal- 
lises with iHjO, m. p. 154 — 155°, and gives a violet colour with 
ferric chloride. Dimethyl pliloroglucinol yields dimethyl phi oro- 
hntyropheuone {liii^Hrikydroxy-vn-h-xylyl propyl ketone], which 
is less soluble than the isomer ides, crystallises in anhydrous, felted 
needles, m. p. 140°, ami gives a dirty, yeilo wish-brown colour with 
ferric chloride. 

Phloroglucinol monometliyl ether gives the two isomeric phloro- 
butyrophenoiie methyl ethers. One is more soluble in light petrol- 
eum and less soluble in water tlian the other, and these are sufficient 
reasons for siippo.sing that this one has the ketone group opposite 
the niethoxyl group, that is, it is '2 .(i'dihiidrojcy-i-methoxy phenyl 
propyl ketone-, it crystallises in pale yellow leaflets, ra. p. 113°. The 
isomeride, 2-A-dihydroxyS'mcth»,i:y phenyl propyl ketone forms 
pure white needles, m. p. 130°. 

Methylphlorogluciiiol p-methyl ether yields 2:i-r}ihydroxyA‘ 
U'ethoxy-m'tolyl propyl ketone, in white needles, m. p. 151 •5°, 
Aspidinol, m. p. 156 — 160°, is the 4 : 6-dihydroxy-2-methoxy-deriv- 
ative, and therefore the .synthetic ketone is designated isoasj^idinol.. 

Methyl phlorobutyrop hen one condenses with formaldehyde in the 
presence of dilute sodium hydro.xide to form 2 : 4 1 6 :4' : S'-Afau- 
hydroxy-5 : b^-dibutyro-^ : -dimethyl di phemil methane, 
CH.[C3HpCO*OoMe(OH)3]2, 

which crystallises in microscopic needles, m, p, 212°. Plilorobutyro- 
phenone and phloroi.?obutyrophenone also condense with formalde- 
hyde to form such corajiounds, but owing to the free position in the 
nuclei, further condensations take place to a certain extent and the 
products are impure. 

The naturally occurring filis compounds are more active the more 
complex they are, but of flic above syntlictio products the unioyclic 
ones are more active than the diphenyl me thane representatives. 
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Phlorowobutyrophenone, which so closely resembles its isomeride in 
m. p. and chemical properties, has about twice its activity. 

J, c. w. 

Hydroxy-carbonyl Compounds. III. Synthesis of iso- 
Cotoin. P. Karrkk {Helv. Chim. Acta, 1919, 2, 486 — 489).— 
With the hope of synthesising cotoin (2 : 6-dihydroxy-4-methoxy- 
benzophenone), the active ingredient of coto-bark, Iloesch’s method 
has been applied to phloroghicinol monomethyl ether and benzo- 
nitrile. The only product which could be isolated, however, and 
this in good yield, is isocotoin \2\i-dihydroxy-^-metho(cyhenzo- 
phenone], which crystallises from water in yellow needles, m. p. 
162° (cotoin has m, p. 131°). It seems to be the rule that ketones 
of this type, with the methoxyl group adjacent to the ketone 
group, are more soluble in water and less soluble in light petroleum 
than their isomerides with a p-inethoxyl group [compare paeonol 
and wopaeonol, acetoevernone and isoacetoevernone (A., 1915, 
i, 820), and the phlorobutyrophenone methyl ethers (preceding 
abstract)], 

Piperonylonitrile forms a double compound with zinc chloride, 
CHoIOoICfiH^'CN.ZnCl^, which crystallises in slender needles, m. p. 
157 — 158°, and therefore cannot be used in Hoesch's synthesis. 

J. C. W. 

Glucosides, IV, The Glucosides of Mandelic, Lactic, 
and Salicylic Acids. A New Chemical Resolution of 
Mandelic Acid. P. Karhf.h, C. Nageli, and H. Weidmanh 
{Helv. Ohim. Acta, 1919, 2, 425 — 436. Compare this vol, i, 338). 
— Besides the tetra-acetylglucosidoniandelic acids and the tetra- 
acetylglucose m and elates which are formed when the silver salts of 
active and inactive mandelic acids are treated with acetobroino- 
glucose, f-mandelic acid, and this isomeride only, gives a teira- 
acetyl-d-glucose ^tetra'Cicet >/l-d-(/luco$idomandelate, 
C^H-O^Ac^'O-CIIPh-CO.^CJI^OsAc^, 
in snowy crystals, m. p, 235°, [a][/ -74-96° (in chloroform). A 
separation of the three products is effected as follows. The tetra- 
acetylgiucosidomaud elate remains in solution in the toluene on 
cooling the reaction mi.xture, whilst the new ester and the tetra- 
acetylglucose mandelate se{)arate. The new ester is almost in- 
soluble in alcohol, and may thus be freed from the tetra-aceiyi- 
glucose mandelate. Starting with inactive mandelic acid, a clear 
separation of the activo 4 com])onents may thus be effected. The 
different behaviour of the two acids may be explained on steric 
grounds J it is possible that in the r/-acid the hydroxyl groups are 
so near together that there is only room for one tetra-acetylglucose 
residue at a time, thus : 

C.H, C,H, 

H-C-OH HO-C-H 

OrC-OH O^i'-OH 

d. 1. 
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If this is so, then inactive acetohrom oglu cose should effect the same 
separation, and the authors are collecting the necessary material 
for such an investigation. 

More complete directions are given for the preparation, from 
the tetra-acetyl compounds, of )3-^^glucoBido-^/- and -^mandelic 
acids. These crystallise with lEtOH in slender needles. 
i8-^;-Glucosido‘tffMactic acid, a hygroscopic, snowy powder, is also 
more completely described. 

Tetra-acetyW-glucose salicylate has [ajj? -39*50^ (in chloro- 
form) and /S-tetra-acetyl-fif-glucosidosaiicylic acid has [a]{f - 28'47‘’ 
(compare A., 1917, i, 539). The latter has now been hydrolysed 
to ^’d-glucosidomlicylic acid, which 

crystallises in radiate bundles of needles with IH^p, "m. p. 142^^ 
(decomp.), [a] p -49-25'^, and may be called salicinic acid, because 
of its relationship to salicin. J, C. W. 

A Simple Method of Demonstrating the Production of 
Aldehyde by Chlorophyll and by Aniline Dyes in the 
Presence of Sunlight. W. J. V, Osterhout {Amer. J, Bot, 
1918, 5 , 511 — 513). — For the preparation of chlorophyll for the 
experiments described, fresh leaves were extracted with alcohol, 
the alcoholic extract shaken witli carbon tetrachloride, and the 
carbon tetrachloride, after separation, sprayed on to filter paper 
and allowed to evaporate. After spraying the paper several times, 
it acquired a deep green colour. A bell jar was lined with such 
filter paper, moistened with water, and then inverted over a small 
dish of water, sealed from the air and ex])osed to sunlight. When 
the paper was bleached to a pale green colour, the water in the 
dish generally gave a positive test for aldehydes, indicating the 
formation of a volatile aldehyde. The result was the same whether 
carbon dioxide was entirely exoUnled from the air in the jar or 
whether its concentration was increased to lO^o. This supports the 
view that the aldehyde is not produced by the decomposition of 
earbou dioxide, but rather by the decomposition of the chlorophyll. 

Similar results were obtained when a number of aniline dyes, 
particularly methyl-green and iodine-green, were used in place of 
chlorophyll. W. G. 

Syntheses in the Catechin Group. P. Karrer and Fr. 

WiDMEu (/{elif. Ac/a, 1910, 2. 451 — 165). — Compounds of 

the type of catechin, 

are widely distributed in nature, but the only syntheses which have 
been effected in this series are flue to Kostanecki and his pupils; 
they are very complicated, iiiul so far have only furnished 
methyl ethers of the desired products. A simple method has now 
been discovered. IlYilroxycofunarones or liydroxycoumaraixs are 
condensed with nitriles utider the iufiuence of hydrogen chloride, 
a.ud the ketimides so formed are boiled wdth water, giving ketones 
which are easily reduced to the re(|uired secondary alcohols. The 
method is, in effect, another a}>pliration of Hoesch's synthesis of 
pHenolie ketones (A., 1915, i, 890; 1917, i, 342). 
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It is proposed to call the parent 4-benzylcoumarari dfepsaii 
and the coumarone derivative “depsen,” with depsanone and 
depsenone for the ketones, and depsanol and depsenol for the 
secondary alcohols, the notation bein? 

/^ 3 \ as in the annexed formula. ^ 

' I'fjH* Resorcinol and ethyl chloroacetate 
\/\/ ^ are condensed in the presence of sodium 

0 ethoxide to ethyl wi-hydroxymethyl- 
conmarilate, m. p. 178'^, which is hydro- 
lysed to the free acid, m. p. 226° (evolution of carbon dioxide). 
The dry acid is heated at 180 — 190°, when 5-hydroxy-2-inethyl- 
couinaroue is obtained as a sublimate of white needles, m. p. 103*^ 
which may be preserved for a long time. This mode of prepara- 
tion is an improvement on that of Hantzsch (A., 1887, 262) or 
Pechmann (A., 1901, i, 211). The coumarone exhibits sky-blue 
fluorescence in alkaline solutions, and gives a brownish-red color- 
atiou with alcoholic ferric chloride, which changes to blue on 
diluting with water. By reduction with sodium and alcohol, it 

yields ^-hydrory-^vxcth^Jcoumaran, OH * 0 ( 5113 ^ which 


sublimes or crystallises in white needles, m. p. 96°. 

5-Hydroxy-2-inetbylcoumaroiie is dissolved in ether, mixed with 
a little zinc chloride and an equivalent quantity of beuzonitrile, 
and the whole submitted to a current of dry hydrogen chloride for 
six hours. The ketimide hydrochlondc, 


HChNH:CPh-C,H3(OH> 


^CMelCH 

s ^ > 


which separates in bundleB of pale green crystals, m. p. 77°, is 
boiled with water, and thus hydrolysed to b‘hf/drox(/-2-me(hj/l- 
depsenon e {^-h i/drori/A - h c n zopl-'l- m cth t/lco u marone ) , This crystal- 
lises in slender, golden-yellow forms, ni. p. 158°, gives an intensely 
yellow sodium salt, and may Ije methylated by methyl sulphate. 
^-Methojf/- 2 - 7 nethpldcp.itcfioue forms stout, pale yellow crystals, 
m. p. 79°, and does not reduce j)ermauganate. This is important, 
as it shows that the furaii ring of the original coumarone has not 
been ruptured during the condensation with the nitrile. Reduc- 
tion of the ketone 1o the hydrol is effected by zinc dust and 5*^ 
sodium hydroxide, ijdf p^lro ip-l-tnethf/ldepifenol forms bundles of 
small, very pale pink crystals, m. p, 141°, 

b-H 7 jdror>/- 2 -methpldep!ianonef small, sulphur-yellow needles, 
m. p. 159°, giving a green coloration with alcoholic ferric chloride, 
and hdipdroxy-2-wethyldf,pmnol, slender, pale pink needles, m. p. 
152° (turns dark brownish -red at 100°), are obtained in the same 
way from 5-hydroxy-2-meUiylcoumaran. J. C. W. 

Correction of an Error Relating to a Trihydroxyxanthone. 

A. L. VAN ScHEUPENBERG {Chem. Weekhladf 1919, 16, 1146- -1H9), 

• — When'euxanthone is oxidised with chromic acid, a red substance 
is obtained to which the constitution 2 -hydroxy -5 : S-quinoxanthone 

has been assigned (Nierenstein, A., 1913, ii, 382). Reduction of 
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tiiis compound with zinc in acetic acid gives a yellow substance of 
corresponding structure, 2:5: S-trihydroxyxanthone. The 
following arguments, based on the experimental results of Nieren- 
stein? a^e advanced by the author against the adoption of this 
view. The red substance, on treatment with nitric acid, gives 
trinitroresorcinol, indicating the presence of a resorcinol residue 
pot accounted for by the above formulation. Attempts to 
acetylate, benzoylate, and alkylate the quinone substance were not 
successful. This awords with the view that the hydroxyl group 
occupies the 8-position, and not the Sq^oaition. The yellow reduc- 
tion product melts with decomposition, a property of hydroxv- 
x&nthones with a hydroxyl group in the 3- or 6-position The 
forinulation of the two substances as 8-hydroxy-2 : 3-qulnoxanthone 
and 2;3:8-tnhydroxyxanthone, respectively, is therefore proposed. 


OH CO. 
/\/\ 




r 


"\/\/ 

0 


OH CO 





W. S. M. 


S-Cinchomne audits Isomerides ; its Relations toNiqniue 

E. Legeb {OompL rend., 1919, 169, 797-800).-By fra^ionai 
crystallisation of ita hydrochloride from alcohol, it is now shown 
that the S-cinchonine previously described by Jungfleisch and Leger 
(compare A,, 1894, i, 262) is really a mixture of two isomerides, 
which the author names a~cinchonhi/drine and ^-cinchonhydrine[ 
These substances have respectively m. p. 144’4'^ and 155'8^' 
[o1p + 196-8^ and +106^^ (in water with 2HC:1), [alj, -i- 139-8°' and 
r72T6° (m alcohol). These figures indicate that the S-cincbonine 
described by Lauger (compare A.. U.ni. i, 403) is identical with 
the a-cinchonhydrine now described. With each of these bases, 
acetic anhydride gives a diacetyl derivative, from which the 
original base can be regenerated unchanged. 

When heated for twenty- four hours with 50% sulphuric acid, 
a-cinchonhydrine is converted into y-ntirhonhydrine, which has 
[a%+ 140*2° _ _ ■ • 

It is suggested that the citichonhydrines bear the same relation- 
ship to cinchonine as niquine does to hydroquinine. W, G. 

The Crystallography of Morphine and certain of its 
Derivatives. Edgar T. Wherrv and Kuas Yanovskt (J 
Wellington Acad. Sci., 1919. 9, 505-513).-.Attempts have b^n 
made to apply the optical-cry?t.allograpbic Tnethod devised for the 
identification of the cinchona alkaloids (A., 1918, ii, 339) to the 
morphine group of alkaloids and the crystallographic and optical 
proj^rties of a number of these have been studied, Owing to the 
rca y solubility, however, of these substances in every immersion 
them in refractive index, the method is imprac- 

VOL. cxvi. I 5 5 
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Morphine inonohydrate, CiyHjgOgN^HQO, was obtained in good 
crystals from methyl alcohol: rhombic bisphenoidal \a:b:c^ 
0*499 : 1 :0’927]; refractive indices, a 1*580, j8 1*625, y 1*645, 
D 1*32; M.V. 229*7, 

Codeine (morphine methyl ester), C38H21O3N, was crystallised from 
ethyl acetate : rhombic bisphenoidal [a : & : c = 0*931 : 1 : 0*509] ; 
double refraction positive, dispersion strong. D 1*32; M.V. 226*7. 

Codeine monohydrate, CjgHgiOgNjHoO, was crystallised fronj 
water and from aqueous methyl alcohol : rhombic, probably 
bisphenoidal [a:6 :c = 0*960:l :0*830]; double refraction negative, 
dispersion distinct. D 1*31; M.V. 242*1. 

Codethyline (morphine ethyl ester moiiohydrate), Ci9H2303N,H20, 
crystallis^ from ether in prisms : rhombic, probably bisphenoidal 
\a ; h : c = 1*454 : 1 : 0*789] ; double refraction positive, dispersion dis- 
tinct. D 1*29; M.V. 256*7. 

Heroine (diacetylmorphine), C21H23O5N, was obtained in excellent 
crystals from ethyl acetate: rhombic bisphenoidal [a:6:c = 
0*8952 : 1 : 0*497] ; double refraction negative, dispersion strong. 
D 1*32; M.V. 279*7. 

The relations between tlie topic parameters of the crystals are 
discussed. E. H. R. 

Addition Reactions and Ring Fission of certain Hetero- 
cyclic Compounds. Siegfried Skraup (AnnaUn^ 1919, 419, 
1 — 92). — The behaviour of various heterocyclic compounds towards 
hydroxylamine has been investigated; the results are interpreted 
with the aid of Werner’s theory of the varying affinity values of 
simple bonds. 

Ethyl 2:4: 6-trimethyldiliydropyridine-3 : o-dicarboxylate reacts 
with hydroxylamine hydrochloride in boiling absolute methyl alco- 
holic solution to yield ammonium chloride, ethyl 2 : 4 : 6-trimethyl- 
pyridine-3 : 5-dicarboxylate. and 4-ethylidenebis-3'methyi'5-tso- 
, ^ rO'CH— CHMe— CH*C<X ^ 

oxazolone, (compare 

Rabe, A., 1904, i. 509). The primary product of the action 
appears to be ethyl ethylidenebisacetoacetate, which then yields 
the aooxazolone on the one hand and the pyridine derivative 
on the other hand through the intermediate formation of a 
A^’-hydroxy ring compound. In support of this hypothesis, it is 
found that small quantities of ethyl trimethylpyridinedicarb- 
oxylate are formed by the action of hydroxylamine hydro- 
chloride on ethyl ethylidenebisacetoacetate. Under similar 
conditions, ethyl 2 : 6-dimethyldihydropyridine-3 : 5- dicarboxylate 
yields ethyl 2 : 6-dimethyl pyridine-3 : 5-dicarboxylate in 20"o 
yield, whilst a 49 o% yield of ethyl 4-phenyl-2 : 6 -dimethyl pyridine- 
dicarboxylate, m. p, 66“^ (picrafe, m. p. 148 — 149°), is obtained from 
the corresponding dihydro-compound. With ethyl 2 : 6-dimethyh^o* 
propyldihydropyridinecarboxylate and ethyl 4-benzyl-2:G-dimetliyI- 
dihjdropyriflinedicarboxvlate a different but not unexpected 
behaviour is observed, since in each case the substituting group is 
eliminated and ethyl 2 : 6-dimethylpyridinedicarboxylate is produced. 
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Ethyl 2 : 5-diin€thylpyrrole>-3 : 4-dicarboxylate only reacts very slowly 
Yflth hydroxylamine hydrochloride. The transformation of the 
dihydro-derivatives into the pyridine compounds can scarcely be 
ascribed to a direct oxidising action of hydroxylamine since, though 
these substances are readily oxidised by such agents as nitrous acid, 
sulphur, nitric and chromic acids, they are very resistant to iodine, 
ferric chloride in acetone solution, and to a large excess of pennan- 
ganate. 

A rigid proof of the relationship of dimethyldihydropyridiue- and 
trimethyldihydropyridine-dicarboxyUc esters to 1 :4-dihydropyridine 
has not previously been given ; attempts to identify the presence of 
an imino-hydrogen atom by acetylation were unsuccessful, but its 
presence could be shown with the help of magnesium methyl iodide. 

Benzothiazole is transformed by hydroxyl a mine into 2-araino- 
beuzothiazole, the yield being nearly quantitative; similarly, benz- 
oxazole is converted into 2-aminobeazoxazoIe, m. p. 129 — 130®, and 
a*fomiylaminophenol (identified as dibenzoyl-o-aminophenol, m. p. 
;^g2— 183®). The following substances do not react with hydroxyl- 
amine: benziminazole (the m. p. 22n— 226®; copper salt, 

(CjH 5 N 2 ) 2 Cu, red precipitate; nickel ^ cobalt, cadmium, and zinc 
compounds are described); 1-methylbenziminazole (m. p. 66®, b. p. 
286°/ 746 mm., conveniently prepared by the action of potassium 
methyl sulphate on sodium benziminazole in a,queous solution; 
f crate, m. p. 246 — 247®); 1-phenylbenziminazole, benzylidene- 
aDiline, azobenzene, l-phenylp 3 rrazole, 2-phenyM : 2 : 3-triazole, pyr- 
idine, quinoline, 2-m ethyl bcnzothiazole, 2-phenyl ben zothiazole, 
4:5*diphenyloxazole, 6-dimethylamiiiobenzothiazole. 

The following 2 -substituted l>eiizoxazole,s have been prepared by 
lieating o-aminophenol with the requisite nitrile or amide : 2-iso- 
huUflhenzoxfizole, almost colourless oil, b. p. 240®/ 7 48 ram., 

0‘98; 2-iitTt.-hutylhenzoxazole, colourless oil, b. p. 226®/748 mm., 
1)17 0'9466; 2-n-hexylbenzoxazole, b. p. 282 — 285®, m. p. 19®, 

0'944 ; ^-c^jcXohexyihenzoxazole, colourless crystals, m. p. 37 — 38®, 
b, p. 298®/ 744 ram. ; ^-henzylhenzoxazole, pale yellow, viscous liquid, 
b. p, 325®/750 mm,, Di^ 1113 ; 2-plienyibenzoxazoIe, iion-fluoresceut 
crystals, m. p. 103®; 2-'^-iolyU}e)t2()dazol€, colourless needles, m. p. 
116 — 117 ®; %]y<itiuy!.hcJno:r({Zole, alraast colourless, crystalline 
needles, m. p. 101®, b. p. 363®/742 nun.; ^ a-naphthylhenzoxazdle, 
colourless crystals, m. p. 107®; 2-\>chh}rQphenylh€nzoxazote, long, 
shining needles, ra. p. 150®; 2-]>-hron\ophenylhenzoxnzole, m. p. 
158 — 159°; 2-etyrylhenzoxazole (1). Tlie fission of the oxazole ring 
by aqueous hydrochloric acid has been studied, and reaction is shown 
to occur with decreasing rapidity wdien the sulostituents are arranged 
in the following order: benzyl, methyl, n-hexyl, cyc/ohexyl, tsobutyl, 
/«r^.-butyl, phenyl, j^tolyl, a-naphtliyl, ;>anisyl. The results are 
fully discussed in the light of the theory of partial valency. 

H. W. 

Preparation of Isatin and its Substitution Derivatives 
Intermediate Products. J. B. OEif;Y(Bnt. Pat. 128122), — 
fhe preparation of oximinoace tan Hide and its substitution products 

b b* 
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is effected by subjecting aniline or its derivatives which are substi- 
tuted in the benzene nucleus by halogens, alkyl, alkoxyl, or carboxyl 
groups or the iV’-monoaikyl or iV-monoaralkyl derivatives of these 
amin^ to the action of chloral hydrate in a dilute solution of a 
mineral acid and in the presence of hydroxylamine at a suitable 
temperature. Isatin and its substitution derivatives are obtained 
from oximinoacetanilide and its derivatives by treatment of the 
latter with concentrated sulphuric acid and afterwards splitting the 
resulting isatinimides by addition of water into isatins and am- 
monia. Reactions occur in accordance with the schemes 
CCVCH(0E)2 -f NH2*0H= (XVCH:N-0H -f 2 H 2 O ; 
CCVCH:N-0H + CeHs-NHg + HgO = NHPh‘CO»CH:N-OH -h 3HC1 . 


NH 

/yx 


NH 

/\/\ 

-)■ I I >CO + H,0 

'\/ / \/\/ 

l!h:n-oh u:nh 


N 

(^^^^COH+NHj 

CO 


Oximino-derivatiyes of the following amines have been prepared, 
the m. p.’s of the compounds being placed within brackets : o-tolu- 
idine (121®), m-toluidine (146®), p-toluidine (162°), m-xylidine 
(161°), ;>xylidine (151°), methylaniiine (145°), ethylaniline (160°),, 
benzylaniline (143°), o-anisidine (140°), p-phenetidine (195°), anthr- 
anilic acid (208°), o-chloroaniline (150°), m-chloroaniline (154°), 

2 ; 5-dichloroaniline (163°), 3 : 4-dichloroaniline (158°), 3 : 5-dichlor(^ 
aniline (185°), 5-chloro-o-toluidine (167°), 4-chloro-o-toluidine 
(148°), 6-chloro-m-toluidine (187°), 4-chloro-m-toluidine (134°), 
2-chloro-p-tolmdine (177°), 3-chloro-_p-toluidine (188°), and p-bromo- 
aniline (167°). The following isatins are describe : mixture of 
4- and 6-methylisatins, orange-yellow crystals, m. p. 143°; 4:7-di- 
methylisatin, orange-yellow crystals, m. p. 250°; 5 : 7-dimethylisatin, 
brick-red crystals, m. p. 235°; mixture of 4- and 6-chloroisatins, 
orange-yellow crystals, m. p. 212°; 7'chloroisatin, reddish-brown 
crystals, m. p. 175°; mixture of 4:5- and 5 : 6-dichloroisatins, yellow- 
ish-red crystals, m. p. 200°; 4 : 6-dichloroisatin, lemon-yellow crys- 
tals, m, p. 250°; 4-chloro-7-raethyii8atin, orange-yellow crystals, 
m. p. 273°; 5-chloro-7-methylisatin, yellowish-brown crystals, m. p. 
265°; 7-chloro-4-methylisatin, orange-yellow crystals, m. p. 252°; 
mixture of 5 -ch loro-4 -methyl- and S-chloro-G-methyl-isatins, orange- 
yellow crystals, m. p. 200°; mixture of 4-chloro-5 -methyl- and 
G-chloro-S-methyl-isatin, bright red crystals, m. p. 205°; isatin-7- 
carboxylic acid, brownish -yellow powder, m. p. 235°. H. W. 


Manufacture of iV-Arylthiomorpholines. Robebt Robinsoit, 
Francis William Kay, and British Dyes, Ltd. (Brit. Pat, 
133108). — iV-Arylthiomorpholines (iV^-arylthiazans) of the general 

formula applicable as intermediate product‘s 

in the mantifacture of dyes, may be prepared by condensing 
primary aromatic amines, provided they are not substituted m 
the ortho -posit ion, with jSjS^-dichloroethyl sulphide. Suitable sol- 
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veflfcs, such as toiueue or nitrobenzene, may be employed, and also 
some agent capable of neutralising hydrogen chloride, such as 
sodium carbonate or acetate. In some cases, as in the reaction with 
^naphthylamine, copper jwwder may be added with advantage. A 
less suitable method consists in heating the base and its hydro- 
chloride with '-dihydroxy ethyl sulphide. '^-PhenylthiomoTphoUne 
forms flat, elongated prisms, m, p. 32®, b. p. 200®/ 50 mm., has an 
alliaceous odour, and yields a pcrate, m. p. U4®. ’^-pTolylthio- 
fjiQrphoUiie has m. p. 35®, and the ^-naphthyl derivative has m. p. 
about 155®. J. C. W. 

Ureides of Substituted Aminonaphtholsulphonic Acids. 

B. Heymann, 0. Dressei., R. Kothe, and A. Ossenbeck (U.S. Pat. 
1308071).— Ureides are produced having the general formula 
(;; 0 {NH'CgH„Y 4 -„‘R*NH'CioIIrtXg - in which R stands for 

a bivalent group containing an acyl radicle, for example, 
CO, SO 2 , CO*CIRCH, C0‘CH2, or the residue of phenylacetic acid; 
tt is the number of hydrogen atoms remaining unsubstituted in the 
naphthalene ring; X is a sulphonic acid or other substituting group; 
m the number of unsubstituted hydrogen atoms in the benzene 
uucleus; and Y, substituting atoms or radicles, such as Cl, Br, Me, 
or OMe. These comjxmuds form dyes when coupled with diazotised 
aciline or similar components, and may be employed as therapeutic 
agents for destroying blood-parasites. They form salts with alkali 
metals, alkaline earth metals, or heavy metals, for example, sodium, 
barium, strontium, copper, zinc, mercury, and silver, which also 
possess therapeutic properties, As starting materialSjliS-amino- 
iiapbtholsulphonic acids (mono-, di-, or higher sulphonic acids) may 
be employed. These compounds are substituted by such nitro-com- 
pouuds as p-nitrobenzoyl chloride, m-nitroauisoyl chloride, m-nitro- 
benzeuesulphonyl chloride, or 77i-nitrocinnamoyi chloride. Reduc- 
tion of these substituted aminonaplitholsulpbonic acids is effected 
by the action of iron and acetic acid or other similar reducing 
agents, and the amino-comixmnds thus obtained are treated with 
carbonyl chloride to obtain ureides. Chemical Abstracts. 

Hydrazino-acida. III. August Dauapskv (/. pr. Chem.^ 
1919, [ii], 99, 179—231. Compare A., 1918, i, 506, 553).— The 
bydrazino-acids described previously have been optically inactive; 
tile author now describes the preparation of the optically active 
ft-hydrazinopbenylacetic acids, whieli are prepared by the action of 
hydrazine hydrate on the active» pheuylchloroacetic acids or by the 
resolution of a-beiizylideuehydraziuophenyl acetic acid and subse- 
C[ueiit elimination of the benzylidene group. The applicability of 
these acids to the study of the phenomena of the Walden inversion 
is limited by their tendency to complete raceuiisation under the 
^speriraental conditions adopted. 

d- and /-Phenylcliloroacetic acid.s are prepared by the resolution 
the r-acid by means of inorjihine according to the method of 
McKenzie and Clough (T,, 1908, 93, 817 ; 1909, 95, 782), and their 
properties agree completely with those given by these authors ; the 
unusual experimental difficulties encountered iu this resolution have 

bb* 2 
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b«eu extensively investigated, the main factors conditioiung success 
anpearine to be the slowness with which the crystals of the salt 
Ste and the relative weight of the crop which is de^si ed 
before filtration. A-HijdrazinophenylaceUc add is obteined by the 

lotion of hydrazine hydrate on TfisSslo 

alcoholic solution; it crystallises in shining leaflets, m. p. ISd 184 , 
and has fal? + 158-02° in AMiydrochloric acid solution ;, l-Aydrasmo. 
ZSoieto add, m. p. 183-184°, [a]i> 

pLed from the rf-cliloro-acid. The acids readily condense with benz- 
aldehyde in aqueous solution in the presence of hydrochloric acid, 
resPMtivelv d- and l-bemyhdenchydrazinophenylacetic 
TcSfu. p"^8°, [a]? +166-40° and -166-59° in acetone 

“ The resolution of «-liydraziiiophenylacetic acid into its active com- 
ponents cannot be conveniently effected by ineans of helicine or 
Sor but may be acoomplished if the acidic character of le 
Sn"; is inereLed by the introduction of suitable groups; the 
formyl and benzoyl groups are not applmab e since viscous syrups 
a reformed in the ffrst instance and difficult!;? decomii^able com- 
o^unds in the second. The benzylidene derivative can, however, be 
Sed by morphine in alcoholic solution. (The crystalline quinine 

sails of dl-benzylidenehydrazmophenylacetic, df-o-hydroxybenzyl- 

th-ely *are'described, but are not suited for the resolution; 
fttld. and U,dra:iaopl,cnp!acHate hpdrochlar^s prepare 

by Z esterification of the corresponding acids alcoW an 

hvdrocen chloride, have m. p. 148-150^ [«Jo ai^ 

7£'9?T3tSi%8f°),“'convfntei^^^^^ P^ted by 

5’sodlum azide mf r-phenyl-chloro- or 
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Attempts to resolve c^Z-azidopheny lace tic acid by quinine, quinidine, 
or cinchonine were unsuccessful, but partial success was attained 
with brucine or morphine, but the specific rotations of the acids 
were so low that, although the results are concordant among them- 
selves, it is probable that the resolution was incomplete. Esterifica- 
tion of the azido-acids showed that racemisation unexpectedly occurs 
during the process, the phenomenon being more marked with alcohol 
and sulphuric acid than with diazoethane. Similar instances of 
racemisation were encountered with the active phenylchloroacetic 
acids, but, in these cases, the more marked effect was caused by 
diazoethane. Ethyl t^-phenylchloroacetate has b. p. 138®/19 mm. 
[a]? in alcoholic solution, but is ixissibly not quite free 

from the racemic substance. The values observed for the Z-isomeride 
were b. p. mm., [a]^ -108-45°. 

cf-Hydrazinophenylacetic acid is converted by chlorine into 
r-phenylchloroacetic acid; similarly, ethyl ^-hydrazinophenylacetate 
hydrochloride is transformed into slightly l»vorotatory ethyl phenyl- 
chloroacetate, which is not quite pure analytically. H. W. 

Cause of and Remedy for certain Inaccuracies in 
Hausmann’B Nitrogen Distribution Method, S. L. Jodidi 

and S. C. Moulton {J. Amer. (Jhtm. Soc., 1919, 41, 1526 — 1531). 

The distribution of nitrogen in casein, gelatin, and egg-albumin has 
k'en investigated. It is sliowu that the proportion of amide nitro- 
gen obtained by Hausmann’s method as modified by Osborne and 
Harris (A., 1903, i, 585) is constant, and does not depend on the 
quantity of magnesia added to the distillation mixture. The per- 
centage of nitrogen contained in the niagnesium oxide precipitate 
is higher the greater the quantity of magnesium oxide employed in 
distillation. Conversely, the proportion of monoamino- and diamino- 
ihtrogen is the smaller the larger tlie amount of magnesia used in 
distillation. In order to obtain uniform results and a minimum 
of “ humin ” nitrogen it is necessary to use the least possible amount 
of magnesia which is sufficient to re^ider the substance to be distilled 
alkaline. In the case of plant and animal materials tlie uniform 
application of 1 gram of magnesia is satisfactory, whilst in the case 
of proteins 0'5 gram is sufficient. J. F. S. 

Identity of Hordeiu and Bynin. Heinrich Lueks {Biochem. 
Fjeitsch,, 1919, 96, 117 — 133).--ITordein and bynin were submitted 
to an analysis by the Van Slyke method, and the results obtained 
from the two proteins were almost identical. The author, there- 
fore, does nob agree with Osborne that bynin, which is obtain e<l 
from malt, is a different ])rotein from the hordein of barley. 

S. S. Z. 

Guanylic Acid, its Preparation and Precipitability. R. 

Fkulgen {Zeitsch. pkf/mA. ('hem., 1919, 106, 249— 259).— By 
treating nucleoprotein from tlie pancreas of cattle with sodium 
lydroxide and precipitfatiiig wdth 90% nicohol in the presence of 
anmioniuni chloride, the sodium salts of guanylio and another 
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nucleic acid are obtained. After the purification of this mixture 
sodium guanylate is obtained by precipitation with sodium acetatt 
in the cold. Sodium hydrogen guanylate, CjoHigOgNsPNa, ig prg. 
pared by dissolving the latter in ten parts of hot water and one 
part of glacial acetic acid, and precipitating, after quick cooling 
with three volumes of alcohol. S. S. 2. 

Urease and the Radiation Theory of Enzyme Action. 

1 and II. H. P. Barbudrecht {Proc. K, Akad. Weten&ch Amsterdam 
1919, 21, 1126—1142, 1307~1322).~After a criticism of the 
hypothesis put forward by Van Slyke (A., 1914, i, 1181), the 
author puts forward a new hypothesis to explain enzyme action; 
An enzyme acts by radiation, and the enzyme particle contains the 
same molecule, which is liberated or acted on by this enzyme, in 
some active state. The radiation by which enzymes exert theii 
action is due to the electrons forming part of the atoms, and is of 
the nature of electromagnetic induction. The radiation, by whict 
urease acts on urea, originates from the enzyme molecule, and h 
able to exert its hydrolytic effect to a certain distance, probably 
very small. When the urease radiation strikes an urea molecule, 
it is absorbed. The amount of urea hydrolysed in unit time by 
an enzyme molecule would therefore be independent of the urea 
concentration if the other constituents of the solution had no power 
of absorption of this radiation. Tn addition to urea, the hydrogen 
ions are the only constituent which absorb the radiation in this 
hydrolysis. At constant temperature and constant hydrogen- 
ion concentration, the velocity of the reaction . is given by 
-dx^m{frl\(c-rncA).dt, in which .r is the concentration of urea, 
c the concentration of hvdroeen ions, and n the absorption 
coefficient of hydrogen ions, that of urea being taken as unity. 
The velocity constant w for a <yiven temperature and H* ion con- 
centration is proportional to the enzyme concentration only. If 
n is the initial urea concentration and (a~x)ja = y, then, after 
integration, nclOASi Aog(\ l\'[ ~v]) ay ~ mi. This theory is 
tested bv experiments made on the hydrolysis of urea by extract 
of soja beans, and the theory generally confirmed. 

Tn the second paper, the work is repeated, hut more precautions 
are taken to keep the hydrogen-ion concentration constant. It is 
found that the value of the constant m falls off towards the end 
of the reaction the higher the value of For low values of 
the value of m increases continually from 0*03% up to 8% urea 
concentralion. For higher values of there is first an increase 
and then in the most concentrated solutions of urea a decrease in 
the value of m. These facts are deducible from the hypothesis 
formulated. J. F. S. 

The leomeric Hydroxyphenylarsinic Acids and the Direct 
Arsenation^f Phenol. Walter A. Jacobs and Michael Heidel- 
BERGER (J. i4tner. Phe7n, »9oc,, 1919, 41, 1440 — 1450).— By means 
of the diazo-reaction, o- and m-arsanilic acids (this vol., i, 50) have 
been converted into the phenolic acids. o~JIydroxyphenylarfiinic 
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acidf 0 H’C 8 H 4 ’A 803 H 2 , crystallises readily from hot water, being 
but sparingly soluble in the cold, forming rosettes of needles, m. p. 
196®, and its sodium salt, CjEgOiAsNa, separates from 50% alcohol 
in glistening, hexagonal platelets with 4 H 2 O. m-UydroxyphenyU 
arsinic acid crystallises from a small volume of water in masses of 
rhombs, m, p. 159 — 173®, and its sodium salt, rosettes of fiat 
needles, is extremely soluble, even in alcohol. The ortho-acid 
differs from its isomerides in giving a wine-red colour with ferric 
chloride. 

A knowledge of the o-hydroxyphenylarsinic acid hsa helped in 
the examination of the by-products formed in the arsenation of 
phenol. This important reaction is carried out as follows. Arsenic 
acid (480 grams of 80% acid), dehydrated by heating until the 
temperature reaches 150®, is mixed with phenol (200) and kept 
gently boiling at 155 — 160® for seven hours. The homogeneous 
product is then diluted with water (2 litres), and sufficient of a 
hot concentrated solution of barium hydroxide is added to render 
the well-stirred mixture neutral to litmus. The precipitate of 
barium arsenate carries with it the small amount of tarry by-pro- 
duct. The hot filtrate is then treated with just sufficient sulphuric 
acid to precipitate the barium, filtered again, and the solution 
evaporated under reduced pressure to about half the volume, when 
it is neutralised by sodium hydroxide and concentrated to a small 
bulk. The hot solution is mixed with several volumes of alcohol 
and cooled, crystallisation being induced by rubbing. Using the 
quantities mentioned, about 120 grams of pure sodium p-hydroxy- 
phenylarsinate are obtained, without the complications of Conant’s 
method (this vol., i, 230). 

The mother liquors, when the alcohol is removed by evapora- 
tion, give the above wine-red coloration with ferric chloride. 
Taking advantage of the different solubilities of the barium salts 
and the free acids, the authors have isolated o-hydroxyphenyl- 
arsinic acid (14 grams), Benda's pp^-dihydroxydiphenylarsinic 
acid, m. p. 250 — 251® (10 grams; A., 1908, i, 747), and an acid 
which is probably o^^-dikydroxydiphenv^arsinic acid, 
0H‘A96(C,H,;6H)2 

(8 grams). The latter acid crystallises from 50% acetic acid in 
stout, glistening prisms, m. p. 215 — 217®, and gives the red colour 
with ferric chloride. J. C. W. 


Physiological Chemistry. 


Some Condltioos Influenciiig the Reaction Velocity of 
Sodium Nitrite on Blood* C. R. Marshall {Proc. Roy. Soc. 
Mn., 1918—1919, 39, 149 -156).- -The rate of production of 
wiethaemoglobin by the action of sodium nitrite on blood is govern€<l 
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by the* nature and concentration of the blood solution and by the. 
concentration of the sodium nitrite solution. Probably ^her 
factors, such as temperature, are of importance. J. C. D. 

The R6I0 of the Plasma Proteins in Difiasion. Thomas 

Hugh Milroy and Joseph Francis Donegan {Biochein. J., 1919, 
13 , 258— 271).— After severe hjemorrhage, the specific gravity, 
viscosity, and percentage of nitrogen in the blood fall, whilst the 
conductivity rises. The fluid which enters the bloody after hgemor- 
rhage must have at least the electrolyte concentration of normal 
plasma, since there is no evidence of a fall in conductivity. It ig 
evident from studies of diffusion of sodium chloride from solution 
in water, gum arabic solution, and blood serum that some factor 
other than viscosity is concerned in the diffusion of salt from serum. 
This point was studied further, and it is concluded from the results 
that the globulin may exert a determining factor governing the 
rate of diffusion. J. C. D. 


Precipitation Structures Simulating Organic Growth. II. 
Physico- chemical Analysis of Growth and S. 

Lillie and E. N. Johnston {BioL BvU., 1919 , 36, 225—273. 
Compare Lillie, A., 1918, i, 278).-If a piece of fine iron wire, 
wound round one end of a fine copper wire, is dropped into a 2% 
solution of egg-albumin containing 4",^ of potassium femcyanidc 
and 4% or more of sodium chloride, the entire surface of the iron 
wire rapidly becomes covered with fine, filamentous growths, ^ey 
are characteristically regular in form ; the majority are straight or 
slightly curved, and cease to grow at a length of 200 microns or 
lei. A repetition of this experiment, using a 2% solution of egg- 
albumin containing 2% of potassium ferricyanide and 9 5% of 
sodium chloride, results in a slower growth, the form of the fila- 
ments is more irregular, and many larger structures are produced, 
In the stronger solution, growth usually ceases in about five 
minutes, whilst in the weaker solution it may continue for several 
hours. The action ceases when all the available potassium fern- 
cyanide has been transformed, and may be renewed by adding 
more of the solution. The number of filaments may be limited by 
coating the metal with paraffin and removing the paraffin from 
very small areas before placing the metal in the solution. Enpen- 
merits were made with iron, zinc, cobalt, cadnmm nickel, copper 
lead, tin, chromium, and aluminium. For each metal which fom 
a precipitate with potassium ferricyanide there is a 
chLacteristic type of precipitation struct'ire. The “ 

absence of a nrotective colloid has a marked influence on the km 
of structure formed. Definite tubular filaments are ^ 

zinc, cadmium, and copper only m the presence _o a protecb 
colloid : in its absence, most of the precipitate app 
“amorphoirg.'* Copper readily forms filaments in t ® f- ^ 

the protective colloid. The characters J’ described in 

iron, zinc, cohalt, cadmium, copper, and nickel 

detail. The form and rate of growth may be modified by the 
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passage of a weak electric current, by sudden changes in the con- 
centration of the solution, and by the conditions of the surface of 
the metal, for example, whether rusty or not. All filaments are 
extremely sensitive to outside influences, such as jarring, causing 
currents, or addition of sand particles, any of which may cause 
change of direction of growth and change of form of filaments. 
Filamente grown on the surface show striking variations from those 
grown immersed. Certain metals, notably cadmium, show a 
rhythmic^ motion during growth. All these purely chemical 
and physical phenomena are significant in that they point the way 
to a better understanding of the pbenomena of rhythm and 
periodicity in living beings. Chemical Abstracts, 

The Origin of Odour in the Molecules of f Odoriferous 
Substances. Heinrich Teudt {Prometkeus, 1919, '30, 201—204, 
209—211 ; from Chem. Zentr., 1919, iii, 138— 139).— The author 
assumes that the origin of odour must be within the molecule, since 
the odour of a chemical compound is not, in general, affected by 
external influences as long as the molecule remains undecomposed. 
The source can scarcely lie within the atom, since, if this were so, 
every odoriferous atom must retain its odour in the free state and 
in combination with odourless atoms ; the monatomic elements are, 
however, odourless, as are the ions of the strongly odoriferous 
halogens. The cause of the odour is to be sought between the 
atoms in the molecule which contain the valency electrons. It 
must be assumed that odours are caused by the vibrations of 
valency electrons, since the molecules of odoriferous substances are 
not altered in any way by the emission of odour. It appears prob- 
able that the nasal sensory nerves have electron vibrations which 
are increased by resonance when odoriferous particles having corre- 
sponding intramolecular electron vibrations are drawn into the 
nose in admixture with air. The^anthors investigations are ex- 
plained by numerous diagrams. He is led to the conclusion that 
a chemical element can the more readily induce odour in its com- 
pounds in proportion as its electrons are more firmly united to the 
atomic nucleus. Metallic atoms, in consequence of the ease with 
which they detach electrons, are not suited to the production of 
odour. It can readily be seen that in all the horizontal series of 
the periodic system the power of giving odour increases as the 
metallic character of the element diminishes from left to ri<yht; 
correspondingly, the stability of the union between the atomic 
nucleus and the respective electrons increases from left to right. 
The author explains, further, the odourless or odoriferous character 
of certain substances, such as methane, ethane, the higher paraffins, 
carbon tetrachloride, etc., as well as the spread of odour to a 
distance and other phenomena. H. W. 

Place and Mode of Origin of the Acetone Substances. 

Khnst Kertess {ZeiUch. ph}^iol Chan., 1919. 106, 258—271).— 
heucine was iiijecUd into tlie bintl feet of dogs wiili an Eck’s fistula 
^nd a "reverse” Eck’s fistula. Tn the former ca.se the injected sub- 
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stance is practically prevented from reaching the liver ; in tte s^nd 
case, however, it dL reach it. In the dogs with the reverse Eck s 
fistula, an increase in acetone, acetoacetic acid, and p-hydx(^ybiitync 
acid is recorded. The leucine does not alter the amount of excreted 
acetone substances in the dogs with Eck’s fistula. The acetone sub- 
stances it is concluded, are therefore formed in the liver, and ^der 
certain physiological conditions they can be formed from leiwir^. 

0. S. Zt, 

Chemical Studies in Physiology and P^olo^. VllL 
The Onestion as to Iodine Fixation m the TOyroid Gland. 

■p Herzfeld and R. Klinger (Biochem. Zeitsch., 1919, 96, 
260-269. Compare A., 1918, i, 47, 241, 356, 357 ; this vol., i 297), 
—The juices of pig’s thyroid, human serum, and milk were treated 
with potassium iodide and A'/ 10-iodine, and then prmpiteted with 
hot 90% alcohol. A repeated extraction of the coagula with boiling 
water removed practically all the iodine which was retain^.^ No 
iodine was removed in this way from untreated ^gulated juice of 
thyroid. The amount of iodine extracted from the juice of thyroid ' 
bv means of alcohol depended on the water content of the alcohol. 
The author considers that these experiments support the theory 
which he discusses, that iodine is a component part of the protein 
molecule of the thyroid gland, and that it is not an essential ^n- 
stituent of the thyroid secretion, S. S. Z. 

Alleged Irreciprocal Permeability of the Prog’s to 
Ions, Maetin GiLDBMEiSTERandJussuFScHOKRi {Biockem. Zeitsck, 
1919 ' 96 241—248) —The authors cannot confirm the results 
obtained bv Bayliss (A., 1908, ii, 712) that the skin of the frog 
conducts electric currents in Ringer’s solution better from the out- 
side to the inside than in the reverse direction. They therefore do 
not accept the conclusion arrived at by Bayliss that the skin of the 
frog is |>erni€able to sodium ions from the outside, but not from the 
inside. 

The Diazo-reactioa oi Normal Human Urine and the 
Influence of the Mode of Nutrition on the " Diazo Value. 

Otto Furth (Biochcm. Ze>lsch., 1919, 96, 2G9-297).-^e diazo- 
chromogen of normal human urine was investigated. Utilising his 
simplified method of isolating the hydroxyproteic acids from urine 
by decomposing the urea with soja urease, the author prepared a 
“baryta tiTction ” from the acid contents of the urine. The 
“ baryta fraction ” was further fractionated with various precipitat 
ing^reagente before and after ^lydrolysis and the vanw 
frictions were studied. The conclusion arrived at is dum 
chromogen although not identical with histidine, is, however, a 
Sy 'rellted imif azole derivative, Probably --sts ^ 
more transformation or condensation products of histidine p 
by intermediate metabolism. Diazochromogen h^ further 
found to be thermostable, soluble in alcohol, insoluble V 
S^rated only with difficulty by means of acetone from the alcoholic 
solution. It does not give MiHon’s reaction. 
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Another part of this investigation was devoted to the study of the 
'-di^ value and the "diazo quotient^’ of the urine of normal 
gubjecte, tubercular subject in the early stage of the disease, under- 
fed subjects who subsisted on a diet deficient in protein, and 
cachectic individuals. From these observations and ihme ma^e by 
Masslow the author concludes that the iminazole complex contained 
m tne diazocnromogen is of endogenous origin. S S Z 


Oxi^Uon Pr(xedure in the Human Organism. ’Walteb 
Lasot (Siochem. ZeUjeh., 1919, 97, 1-21).-A9 much as 12 grams 
E,f day o sodium thiosulphate can be consumed without Lrm. 
The thiosulphate is, however, not excreted as such in the urine, but 
13 oadised m the organism in accordance with the law observed bv 
TauW in the case of phenol The ethereal sulphates increa^ 
slightly in the unne with intake of sodium thiosulphate. S. S, Z. 


Significance of Acetoacetic Acid. L. C. 

^rom J. Pharm, Ckim., 1919, 
[vii], 20, 185— 187).— A considerable quantity of acetoacetic acid 
was formed in a solution containing cyc/oglycylglyciue, glycerol, 
and yeas^ells. The author suggests that the production of aceto- 
acetic acid in the human body is due to the reduction of the dipep- 
hda (removal of ammo-groups), and not to an oxidising process. 
This conception appears to be more in harmony with the rertricted 
oxidising faculty of diabetic subjects. W. P. S. 


Preparation and Physiological Action of some Derivativea 
of Meconic Acid. L. Lautexschlaoer (Biochsm. Zeitsch., 1919, 
96. 73— 86).— The following derivatives of meconic acid were syn- 
thesised and tested for their physiological action. Acetyl derivative, 
0 Ac*C;;HO 2(CO._>H)2, forms colourless needles, m. p. 218^, The 
herizoyl derivative crystallises ‘ in colourless leaves, m. p. 248® 
(decomp.). The methyl hydrogen ester forms colourless crystals, 
m. p. 161‘5®; the dimethyl ester has m. p. 117®j the propyl hydrch 
(jen, dipropyl, and di\%ohvtyl esters form colourless crystals, m. p. 
165 °, 105®, and 98® respectively ; the diomyl ester is a colourless 
oil. The urethane derivative forms colourless crystals, m p 124® 
.C(OH):C CO‘NHv 

Umnyharhamide, CO( >0 • >CO, forms a yellow 

C0*NH/ 

powder, m. p. 173® (decomp.), and its ethyl, propyl^ and allyl 
tiUn are white, crystalline powders, m. p. 138®, 141®, and 143® 
(all decomp.) respectively. e cony} thiocarhamide is a clear, yellow, 

crystalline powder, m. p. 181® (decomp.), and its propvl ether has 
p. 138® (decomp.). 

The acetyl and benzoyl derivatives and the aliphatic ethers of the 
^id produce, like the original acid, slight paralysis in the frog, but 
are inactive in the rabbit. The ethyl, and to a greater extent the 
propyb ester produces a more marked action in the frog than the 
original acid. The corresponding monoalkyl derivatives are also 
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more active than the acid itself, but are not so potent as the njmal 
Xs On the rabbit, however, this group of compounds princes 
no effect. The ether and diazo-compounds of the aWve esters behave 
physiologically like the esters themselves. ^ The hydrazine derivative 
of meconic acid is very toxic and lethal 

The urethane derivative of meconic acid sho-ws little potency, 
whilst the carbamide derivative is more active The 

ethyl and propyl derivatives of the latter resemble meconic acid 
in their activity. Meconylthiocarbamide behaves like meconyl- 
carbamide, but is only one-third as potent. Its pro^l derivative 
shows also some potency in the frog; in the rabbit the latter sub- 
stances produce no effect. None of the synthesised substances has, 
therefore, manifested any definite narcotic action. S. S. Z. 

Experimental Nephropathy produced by an Organo- 

mercmv Compound of Phenolsulphonephthalein. J. Edward 

Burns E. C. White, and J. G. Cheetam (/, Urd ., 1919, 3, 1—16). 
—As phenolsulphonephthalein and mercury have special affinities 
for the secretinc^ cells of the kidney it was thought that a compound 
containing these substances would attack these cells and not attack 
the other orcrans of the body, and the changes thereby produced 
would more '"nearly resemble the different types of nephritis found 
in the human being than those produced with other substances. The 
compound synthesised was tetrahydroxymercunphenolsulphone- 
phthalein, which probably has the annexed 
formula. It contains 63% of organically 
bound mercury. It is soluble in dilute alkali 
hydroxide. When given to dogs this sub- 
stance produced acute and chronic renal 
lesions which resemble quit« closely those 
found in the different types of nephritis in 
human beings. The lesions of the acute type 
were mainly tubular, although some slight 
t/loraerular changes were noticed. In the clirouic type the most 
diaracteristic change is the increase of interstitial tissue both in the 
alomeruli and between the tubules, together with areas of tubular 
obliteration and glomerular fibrosis. Chemical examination of the 
blood and urine following the intravenous injection of sodium 
chloride and urea after the metliod of Underhill, Wells, and Gold- 
schmidt (J. K.rpt, Med, 1913, 28. 322), showed results quite analo- 
gous to the type of lesion nroduced. This organo-mercury compound 
produced no lesions elsewhere in the body. 

^ Chemical Abstracts. 
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Chemistry of Vegetable Physiology and Agriculture 


Comparative Studies on Respiration. VII. Resniration 
and i^simUatlon. W. J. V. Os^ekhout {J Gci m9 

B, 1—3).— Certain improvements in technique are described; thus 
when a reagent is employed which has a “ buffer ” effect it is desir- 
able to have the same “ buffer” action during the measurement of 
normal respiration as during exposure to the reagent. An indicator 
should be present in the liquid containing the organisms, so that 
changes m reaction may be observed. Preliminary results indicate 
that there is pronounced antagonism between such substances as 
sodium chloride and calcium chloride in their effect on respiration. 

J. C. D. * 


Comparative Studies on Respiration. VIII The Re 
spiration of Bacillus subtUis in Relation to Antagonism. 

Matilda Moldenhauer Brooks {J. Gen. PhijaioL, 1919, 2 5—15) 
-In relatively low concentrations of sodium, potassium, and cal- 
cium chloride the rate of respiration of B, sabiUis remains fairly 
constant for a penod of several hours, whilst in liigher concentra- 
tions there is a gradual decrease in the rate. The effects of salts on 
respiration show a well-marked antagonism between sodium chloride 
Htid calcium chloride and between potassium chloride and calcium 
chloride. The antagonism between sodium and potassium chlorides 
sligld. j_ jy 


Comp^ative Studies on Respiration. IX. The Efiects of 
Antagonistic Salts on the Respiration of Aspergillus niger. 

F. a. Gustafson (J. Gen. Physiol., 1919, 2, 17— 24),— In relatively 
solutions sodium chloride and calcium ciiloride increase the 
respiration of Aspcryillus in the presence of dextrose. Higher con- 
centrations cause a decrease, probably clue to the osmotic effects of 
the salts. The antagonism between sodium chloride and calcium 
chloride could be demonstrated liy a study of the respiration of this 
organism. Spores germinated on a medium containing 0'5.V- 
sodium chloride and 0 0.5% of dextrose, but failed to do so when 
calcium chloride was used instead of sodium ciiloride, or when both 
i^alts were present. Apparently a substance may have different 
effects on respiration from those which it has on growth. J. C. D. 

Proteinogenoua Amines. IV. The Production of Hist- 
amine from Histidine by Bacillus coli communis. Karl K. 
Koessler and Milton T. Hanke (,7. Biol. Chevi., 1919, 39, 
5^—584). — BacWii.<i coli communis does not form histamine from 
udidine when acting alone, in tlie presence of nitrates or ammou- 
umi salts, or in a medium containing glycerol. When glycerol 
or dextrcM^e and a source of nitrogen, such as potassium nitrat-e or 
aiitinonium chloride, are present, some 50% of the histidine is con- 
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verted into histamine. Under these conditions the medium become 
acid, and the suggestion is advanced that histamine is produced b 
the bacillus as a means of neutralising the acid produced froii 
glycerol. Contrary to many statements, it is found that histamini 
is never produced except in the presence of an easily availahl( 
source of carbon. J, C. D, 

Formation of (i-/? IminazolyMactic Acid from ^Histidine 
by Bacteria. K. Hirai (Act. Schol. Med. Kyoto, 1919, 3 
i9 — 53; from Fhysiol, Abstr., 1919, 4, 256). — Histidine hydro- 
chloride, prepared from ox blood, was acted on for forty days in 
protein-free nutrient media with a strain of Froieus vulgaris whicli 
was capable of converting ?-tyrosine into y-hydroxyphenyl-lactic add, 
The product was separated by precipitation with phosphotungstic 
acid; it crystallised with IHgO and had [a]n + 33‘7®, the yield being 
11%. It was identified by elementary analysis and by means of the 
platinichloride. H. W. 

Application of the . Fixation Method in Bacterial 
Fermentation. I. Acetaldehyde as an Intermediate 
Product in the Fermentation of Sugar, Mannitol, and 
Glycerol by Bacillus coli, Dysentery, and Gas Gan^ene 
Organisms. C. Neuberq and F. F. Nord (Biochem. Zeitsch,, 
1919, 96, 133 — 158). — By employing sodium sulphite and calcium 
sulphite as “ fixing ” agents, acetaldehyde has been established as an 
intermediate product in the fermentation of dextrose, mannitol, and 
glycerol. B. coli was employed in the fermentation of dextrose, 
Flexner Y and Shiga-Kruse cultures in the fermentation of manui- 
tel and Frankel’s bacillus (B. Welchii) in the fermentation of gly- 
cerol. As the lastrmentioned organism is an anaerobe the possibility 
of the formation of acetaldehyde as a secondary product from the 
alcohol produced is excluded. S. S. Z. 

Application ot the Fixation Method in Bacterial Fermenta- 
tion. II. The Establishment of an Aldehyde Stage in 
Acetic Acid Fermentation. C. Nruberq and F, F. Nord 
(Biochem. Zeitsek,^ 1919, 96, 158 — 175). — Alcohol was fermented in 
the presence of calcium sulphite witli Bacterium OrUanemt, B. 
Ascendens, and B. Fasteurimium . In each case acetaldehyde was 
established as an intermediate product in the fermentation, 

S, S. Z. 

Acid Fermentation of Xylose. E. B. Fred, W. H. Pbtersos 
and Audrey Davenport (J. Bid. Chem.^ 1919, 39, 347—383).— 
Xylose is readily fermented by bacteria which are found in fresh 
silage, sauerkraut, and manure, and also in certain soils, but the 
organisms commonly studied in the laboratory failed to break down 
the sugar. The organisms which can effect the fermentation are 
readily isolated in pure culture. The fermentation takes pla<» 
either in the presence of free oxygen or in a limited supply, and 
the main products formed are acetic acid and lactic acid. The 
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relation of acetic acid to lactic acid approaches the theoretical ratio 
40 to 60 that would obtain if these two compounds were the 
only products arising from fission of the xylose molecule. Traces 
of carbon dioxide and ethyl alcohol were detected. Other sugars 
are fermented by these xylose-fermenting bacteria. J. C. D. 

Mode of Action of Metal Sola. C. R. Marshall {Proc, Boy, 
Soc. Edin.f 1918-19, 39, 143 — 148). — An attempt to ascertain how . 
gilver in a particular form, such as colloidal silver solutions (Bredig), 
can exert a bactericidal action. The impact of the larger submicro- 
scopic particle is not tbe cause, whilst there is no evidence that 
adsorption of the silver particle takes place on the surface of the 
organisms. Electropositive and electronegative sols produced the 
same antiseptic action. The concentration of free silver ions was 
insufficient to explain the pharmacological action, but when the 
size of the particles wag considered it was found that the bacteri- 
cidal value may be ascribed to the ultra-microscopic particle below 
rSp/i in diameter. J. C. D. 

Vitamine Requirements of certain Yeasts. Freda M. 

Bachmann {J. Biol, Chcm,y 1919, 39, 235 — 257). — The observa- 
tions of Pasteur and of Wildier on the nutritive requirements of 
yeast are confirmed. All the yeasts investigated pew better and 
fermented more readily in a medium containing some small 
amounts of organic material other than sugar. It is suggested 
that the substances which are necessary for fermentation to be 
carried out effectively by the yeast are of the nature of vitamines 
(Wildier's '‘bios,” La Cellule., 1901, 18, 313). The yeasts appear 
to vary considerably in their requirements for this accelerating 
factor. J- C. D. 

Action of Radium Emanation on the Vitamines of Yeast. 

Kanematsu Sugiura and Stanley R. Benedict (</. Biol. Chem., 
1919, 39, 421 — 433). — This investigation showed that exposure to 
radium emanation may cause partial destruction of the vitamines 
present in yeast. It is suggest^ that a part of the beneficial influ- 
ence of radium in the treatment of malignant tumours may be 
dependent upon such destruction of the growth-accelerating factors. 

J. C. D. 

The Metabolin and Antibolin of Yeast. £. Vablex 

{Zeitsch, yhygiol, Chem.., 1919, 106, 133 — 178). — The author has 
prepared metabolin and antibolin from yeast which, although not 
quite identical with the similar principles previously extracted bv 
bim from tbe ixincreas of cattle, resembl^ them in their main 
properties. Metalxrlin accelerates alcoholic fermentation, antibolin 
lias the opposite effect. Tlie j>rinciples can be transformed into each 
other by molecular rearraugenient. An irreversible metabolin has 
^Iso been prepared from yeast and potatoes. This metabolin also 
accelerated alcoholic fermentation and reduced the amount of sugar 
ill the urine of diabetic j>atient« on two occasions. S. S. Z. 
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The Content and the Formation of Invertase in Yeast, 

ti. VON Kuler and Olof Svanberg (Zeitsch, physiol, Cherniy 1919^ 
106, 201 — 249). — The inversion capacity of two strains of yeast 
examined from time to time has been proved to be constant. The 
optimum temperature for invertase formation in one of these atraina 
has been found to be 26 — 30'^. When the temperature was raised 
by about 35® no invertase formation could be observed. - The 
invertase formation is further dependent on the acidity of the 
medium. The maximum enzyme formation coincides with the optb 
mum activity of the invertase. At a H-ion concentration higher 
than ^^“2 the invertase is destroyed; on the other hand, at a 
H-ion concentration of ~ 6 — 7 the enzyme formation is 90% of its 
optimum. Water at a temperature of 10® does not wash out the 
invertase of fresh living yeast. S. S. Z. 

The Augmentation of the Catalase Activity of Yeasts. 

Hans von Kuler and Ingvar Laurin (Zeitsch, physiol, 

1919, 106, 312 — 317).- The catalase of Saccharomycts Thermaniu 
tonum is activated by chloroform, but not by an increase of 
temperature. Sunlight diminishes the action of catalase in living 
yeast cells, whilst X-rays have no effect on it. S, S. Z. 

Ilex vomitoria as a Native Source of Caffeine. Frederick 
B. Power and Victor K. Chesnut (J. Amer. Chem, Soc.y 1919, 
41, 1307—1312). — Since the so-called Paraguay Tea,” which 
contains considerable proportions of caffeine, is derived from certain 
South American species of Ilex, the authors have examined other 
representatives of this genus found in the south-eastern States in 
order to discover possible home sources of the drug. Several species 
were found to contain no caffeine at all, but Ilex vomitoria, Aiton, 
appears to be worth cultivating as a source of the base. Under the 
name ” Yaupon,” the leaves were already used by the Indians for 
their medicinal and stimulating properties. J. C. W. 

Actioa of Cyanamide and of Dicyanodiamide on the 
Development of Maize. P. Maz^ Vila, aud M. Lbmoignb 
{Compt. rend., 1919, 169, 804—807). — The results of water-culture 
experiments show that cyanamide at a concentration of O' 162 gram 
per litre prevents the germination of maize seeds, but that dicyaiio- 
diamide at this concentration is not toxic towards their germination. 

Similarly, cyanamide, either wdth or without the presence n{ 
sodium nitrate, kills maize seedlings, whereas dicyanodiamide, in 
the presence of sodium nitrato, does not appreciably check tlie 
development of the plant, although with dicyanodiamide as the only 
source of nitrogen, the plant does not increase in weight, but yet 
remains alive for several months. W. G. 

Presence of Formic Acid in the Stinging Hairs ol the 
Nettle. Lbonard Dobbin {Proc. Hoy. Soc. Edin.y 1918-19, 39, 
137 — 142).— Although it is frequently stated that formic acid is 
present in t(ie stinging hairs of the nettle, few attempts at a 
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proof have been made. The author collected the acid present in a 
very large number of hairs by compressing the leaves with filter- 
paper impregnated with barium carbonate. From an examination 
of the barium salt formed he comes to the conclusion that free 
formic acid does exist in the stinging hairs. J. C. D. 

The Yellow Colouring Substances of Ragweed Pollen. 

Frederick W. Heyl (/. Amer. Chem. Soc., 1919, 41, 1285—1289). 
—The pigments of ragweed pollen may bo extracted by alcohol, 
then precipitated in fractions from an aqueous solution by means of 
basic lead acetate, and finally recovered from the lead precipitates 
in the usual way, the yield being about 0'6%. The least soluble 
mnment is a quercitrin glucoside, which fuses at 228 — 229° 

to a cherry-red oil, and thus differs from its three known isomer- 
ides, quercimeritrin, «>oquercitrin, and incarnatin. Among the more 
soluble glucosides is one which yields tsorhamnetin on hydrolysis, 
and this seems to be predominant, J. C. W. 


Soil-sorption. E. Ramanx and A. Spengel (Landu:. VersuchS' 
1918, 92, 127 — ^146). — The interchange of bases occurring 
in mixed solutions containing two different bases has been studied 
hv means of a permutite of moderately constant com|x>sition pre- 
pared in the wet way. The replacement of bases taking place when 
such a hydrated aluminium alkali silicate is treated with neutral 
potassium, ammonium, calcium, and sodium salts has the character 
of a chemical exchange, no signs of physical adsorption being detect- 
able. The interchanges are by equivalents, that of potassium and 
ammonium following the law of jnass action ; the curves expressing 
the ratios of the ions in solution and those of the bases in the sili- 
cates are coincident. In solutions containing sodium and calcium 
salts the interchange of bases corresponds predominantly with ^the 
ratio of the ions in the solution, but prejx^nderance of the calcium 
or sodium salts results in divergences dependent on a second factor 
of unknown nature. Potassium and ammonium are mutually 
replaceable, and displace sodium and calcium completely from tbe 
silicate, whereas the displacement of potassium and ammonium by 
sodium’ and calcium is incomplete, Tho ratios between the bases in 
the .solutions and in the silicates have different values. Bases 
present in small proportions in the solution? are combined by the 
silicate in amounts greater than those correspondniL^ with such pro- 
portions. Within wide limits, the absolute concentrations of the 
salta in the solution are without appreciable influence on the com- 
position. of the silicate, this being the case even with mixtures of 
calcium salts with those of the univalent metals. T . H. P. 


Solubility of Calcium Carbonate of Difierent Origins 
and Degrees of Fineness in Water containing Carbon 
Dioxide in Relation to Soil and Plants. G. II.^cer and J. 
Kern (./. La,>dv\, 1916, 64. .S2.o— 342).- The deerree of fineness of 
calcium carbonate influences considerably its solubility and espwi- 
^lly its velocity of dissolution in water containing carbon dioxide. 
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The less prolonged the action and the greater the prn^rtion of 
carbon dioxide in the water, the more marked are ^e differences 
observed with carbonates of different finenesses. The inorea.sed 
rapidity of dissolution, as well as the more effective distribution 
obtainable, probably causes the superior action on soil and plants 
of the more finely ground carbonate. i. Ji* J:'. 

Determination oI the Efficacy of the Soil Feeding Stuffs , 
Phosphoric Acid and Potash, by 

and Determination of their Relative Solubility by Acids. 

0 Lemmermann, a. Einecke, and L. Peesf.nius {Landw. Ver. 
.uchs-Staf., 1916, 89, 81-195).-A arge number of pot ex^ri- 
menu have been carried out with soils of different tyj^s, analyses 
r the soils especially as regards the relative soluhilit.es of the 
phosphates and potassium compounds being also made. Determina- 
tions^ot such solubilities furnish in most cases a means of express- 
ing the physiological efficiency of these fertilising substances. In 
the case of the phosphates, the best of the various solvents tried or 
determining the relative solubility proves to be 1% citric acid solu- 
tion, and the soil may he extracted by dropping the solvent through 
it or by slinking it with the solvent. For potash, on the other hand 
this solvent is too weak, and satisfactory results have been obtained 
bv tile use of 10% hydrochloric acid. In these deterniinations 
allowance must be made for the physical characters of the soil The 
common assumption that the potassium comimunds of tho better 
soils are more difficultly soluble tban those of the lighter ones is not 
supixirted bv the resuUs obtained ; such assumption apjfiies mow 
in the case of the phosphates, this being perhaps attributable to fhe 
higher clay- and iron-contents of the better soils. The degree to 
which plants are .able to utilise the phosphoric acid apj^ars to 
increase with the poverty of the soil in phosphates. 1. H, P. 

Comparison of Two Fertilisers according to Mitscherlich's 
Law of tbe Minimum. M.sryan- Gorski (Zauidn;. Ifrswfis- 
‘^int 1919 93. 113 — I'lnV— Results obtained in fertilising experi- 
ments with increasing proportions of ammonium phate aud 
Todium nitrate agree well with Mitscherlich’s mathemahcal expre. 
sion (A., 1911. ii, IfiOb It is shown that equality of the 

factors (WirhinncfnhtnTen) for corn- and straw-yields necessitate 
constancy of the ratio, corn-yield : straw-yield, for 
mum factors. Calculation of the ratio between the efficiency farfoB 
for ammonium sulphate and sodium 

remain almost unchanged, no matter whether the effic ency acton 
of the corn-yield or those of the straw-yield are employed^iTi^t 
calculation. 
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Eykmaa’s Retractometric InvestieationR in Pnnn .j ^ 
with the Presentation ol the Edition^oi Hm Works A p 

Holleman {I roc. K. Akad,. Weien.scA. Ainsterflnm iqio oi* 

:;ss It «> k' 

J. F. S. 

Molecular Refractivity ol Cinnamic Acid Derivatives 

m3-124?“ (T., 1919 115, 

The Line Spectrum ol Sodium as Excited by Fluor- 
escence. K J. .Strutt (Proc. Hoy. boo., 1919, [Al 96, 272-‘>86i 
-Bakenan Lecture. An imi>rov6<! sodium vapour lamp is“ dt 
RTibed. Tins consists of a dumbbeil-sliaped quartz tube placed ver- 
tically. In the lower bulb is a jicol of sodium which constitutes 
the catiiodo. Lleclrio coiiiie.vion is made by means of an iron or 
copper wire. The anc^e consists of a tungsten rod. The lamp is 
evacuated by means of a Gaede pump, A concentric ring burner 
surrounds the base of the catliode bulb, liy means of which the 
sodium IS kept at a temperature of ISO'b The lamp can be ruu for 
short periods by a current of 5-6 amps, on a 200 volt circuit, but 
for prolonged working a lower current, 2-5 amps., is preferable. 
Tie lamp is started by means of an induction coil, the terminals of 
which are connected to the cathode and the constriction of the lamp 
tube. Using the liglit from this lamp, tlie author has examined the 
rehonance effects of ^dium vai>our. It is sliown that excitation of 
sodium th^ second line of the principal series leads to 

emission of bot^ 3303 and the D lines, and that excitation of the D 
hues leads to the emission of the J) lines only, with 3303 When 1) 
ight falls on sodium vapour of apiiropriate density, it is known 
ttiat an intense surface emission occurs from the front layer, and 
a weak one frem succeeding layers. Analysis by absorption in an 
iMependent layer of sodium vafxmr shows that the superficial emis- 
sion IS more absorbable, and therefore nearer the centre of the 1) 
Hies. he breadth of the I) lines in su{>eriioial resonance has been 
esti^ correspond 

conditioned by the Ooppler effect, on the assump- 
nfMiU be luminous centre is the sodium atom. Polarisation 
detected ill the ultra-violet radiation, although in 
ordance with previous observers it was readily observed in 1) 
resonance. j ^ 

CXVT. ii. OA 
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The Ultimate Rays in the Arc Spectra of the Elements. 

M. A. Catalan {AmL Fis. Quim,, 1917, 15, 487 — ^8, and 1918^ 
16, 513 — 519). — A criticism of the conclusions of Gramont (a/ 
1907, ii, 517, and A., 1908, ii, 645) regarding the ultimate rays of a 
spectrum. Contradicting the assertion of Gramont, the author shows 
that in general the ultimate rays in the arc spectra are those of the 
greatest intensity. This conclusion is supported by a special study 
of the arc- and spark-spectra of columbium, zirconium, and titanium 

W. S. M. ' 

The Logarithmic Law coxmecting Atomic Number and 
Pre(£uency Difierences in Spectral Series. Gladys A. Anslow 
(PAysfcfli 1919, 13, 326 — 336). — Straight lines are obtained 
by plotting the logarithms of the atomic numbers against the loga^ 
rithms of the constant frequency differences occurring in the spectral 
lines of most of the alternate members of Groups I, II, and III of 
the periodic table ; also for sulphur and selenium. Two systems of 
four approximately straight lines approaching parallelism result 
when the family has both doublet and triplet series. Equations 
derived are of the form v = jriinky'^, where N is the atomic num- 
ber, A is a constant depending on the system, n is an integer which 
is the same for both families in any group, A is a constant, O’OSO, 
and m acquires successive integral values for the v, Vi-i-v.^ and Vj 
equations. Elements of high atomic numljer should lie above the 
family line. These results indicate the need of modifying the Bohr- 
Sommerfeld theory of atomic structure before using it for predicting 
optical series. Chemical Abstracts. 

The Constitution o! the Atom and the Properties of Band 
Spectra. H. Deslandres [Comyt. rend., 1919, 169, 745 — 752}.— 
A continuation of the theoretical discussion of this subject (compare 
this voL, ii, 206, 310, 441) and its application to the band spectra 
of carbon, nitrogen, and cyanogen. The following explanation of 
tlie known facte is given. The nucleus of the atom is a cylinder 
with circular base, which rotates round its axis, its thickness in the 
direction of the axis being the same for all atoms, but the diameter 
of the circular base being variable. The nucleus is the seat of longi- 
tudinal vibrations developed in the direction of the axis. The 
thickness being constant, the fundamental vibration is t)ie same 
for all tlie elements, the higher harmonics giving the frequencies 
of the band maxima in the successive spectra. On the main longi- 
tudinal vibration are superjx>sed the vibrations of the rings of elec- 
trons in three directions in space. The divisions imposed on the 
nucleus by the nodal surfaces may explain the variations of the 
elementary groups and their simplification with increasing fre- 
quency. 

These vibrations require that the shocks in the direction of the 
axis are propagated with a velocity notably inferior to that of ligld- 
The special substance of the nucleus is supposed to be electrified in 
its mass, and can be likened to ordinary matter rather than to a 
vacuum, for the propagation of small displacements. W. G. 
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Study of the Stahility of some Solutions o! Enzymes and 
Alhaloids Hy means of Ultraviolet Absorption Spectra. 
The Particular Cases of Pancreatin and Morphine . Horaoio 

Damianovich and Adolfo Williams {Anahs Soc. dent. Argerh 
tina, 1917 , 84 , 79 — 91). — In order to determine tlie degree of 
absorption, Dhere’s method was used (“ Spectrographic Researches 
oil the Absorption of Ultraviolet Rays by Albuminoids, Proteins, 
and their Derivatives/^ Univ. of Fribourg, 1909), Aqueous alka- 
line solutions of pancreatin yielded spectra indicating a gradual 
absorption in the extreme ultraviolet, but without any band indicat- 
ing selective absorption. Compared with Dhere's results a notable 
difference was observed. Albuminoid substances show an absorption 
band in th6 ultraviolet spectrum which for a given concentration 
and thickness includes radiations between 2927 A. and 2628 A., 
whereas in the given case the band did not appear in a solution of 
10:1000 strength and 5-'-10 mm. thickness. Solutions were sub- 
mitted to temperatures between 40° and 110° for one-half to forty- 
eight hours. Some alteration in the absori>tion was noticeable j the 
conclusion was reached that temperature inlluences the action. Sub- 
stances such as glycerol, peptone, and casein, which protect trypsin 
or pancreatin against the destructive action of heat, act in a similar 
way towards causing a variation in the ultraviolet spectrum. A 
solution of morphine (1 : 10,000) showed a])preciable absorption in 
tlie ultraviolet, as did also solutions of theobromine, but 'no band 
was observed, although neutral aqueous, solutions of the hydro- 
chloride showed a faint band between 2950 A. and 2767 A. The 
addition of soflium carbonate (3% solution) to a solution of mor- 
phine hydrochloride (1:1000) profluced absorption of the extreme 
ultraviolet and a clear absorption band winch increased somewhat 
with the temperature, Sodium hydroxide causes a similar displace- 
lueut. Chemical Abstracts. 

Observations and Measurements on Optically Active 
Crystals (NaClO^). Eligio Pfrucca (Nnoro Ctm., 1919, [vi], 18, 
ii, 112—154). — The author describes a new [X)Iarimetric arrauge- 
meut, which he has applied to the measurement of the rotatory 
power of pure, crystalline sodium chlorate and of crystals of 
the chlorate colour^ with "extra China blue’' [probably sodium 
(or ammonium) triphenyltri-panunodiphenyltolylcarbiiioldi-(or 
ir.()no-)sulplmnate|, wliich exhibits a very shar]> absorption band in 
the green. Tliese coloured crystals are obtainerl, although not 
always, by moderately rapid cooling of a hot saturated solution of 
the cblorate' and the colouring matter; ultramicroscopic examina- 
tion of the crystals shows that the bine dye is not present in them 
in the colloidal condition. 

The results obtained indicate that only as a first approximation 
can the rotatory power of solid sodium chlorate be regarded as a 
constant, variations greater than the experimental error being 
observed with different crystals and also with one and the same 
crystal in different directions and at different points. The mean 
value obtained for [a]’/ is -r3T20°. The rotational dispersion, 

20—2 
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“ (fc >»>3. “3, 1067) i. m.ppl«H. to Ihl. 

the coloured crystal., for the light f 

zone crystal is rotated ’round the 

tory power is to ^ azimuth of the crystal 

w?th Inspect to ‘4e incident lumiLus vibration. The course of this 
witli lespect uu x.^546*l tlie maximum variation 

variation IS ^ ’ o pgr S'GG'^ for a thickness of 1 millimetre. 

colored! tre inarlc.l ejects still are oh- 
verved thus, in one case, for A = 589'3,<,i, the difference between 
n,e mUtoia and minimal rotations per millimetre o thickness 
‘ ) »ri ^0 In no instance, however, was change in the sign at 

reached 1 *> • Tli^rp acuiears to be no very simple relation 

the rotetion found The« api^^ai^. to ^1^ 

^tweeu ■„ y pe^oineiion persists without marked altera- 

:::: whe7X° ry. Lt a& to fbont 850, but at this tempera- 
ture It snddet.ly disap, >ears and does not reapiiear when the crystals 

”ln“£e artificially coloured sodium chlorato crystals there is, as 
a rule ccsevisteuce of two tetrahcdra, each of which, united to a 
nc a'mntf doileeahedron, is characteristic of crysta s having rob- 
to V now of a certain sign and of normal magnitude at all |ion, s. 
H ( !«« /'/, ys. Chem . 1876, 158, 214) reters to the lioss.b.hly 
of the coexistence of two tetrahedra in a single crystal of sodmm 
:L2ate bOt the author was unable to obtain such a crystal under 
widely varying conditions of crystallisation. 

Precision Measurements in the -Y-Ray pit' 

The Y-Ray Spectrum of Tungsten. 

\f„„ *1919 fvil 38, 639-646. Comjiare this vol., ii, -61). -l ie 
t-z!Z\ 1 series of Y-ray lines have been measureHi for tungsten h) 

fact which speaks for the accuracy “ the strongest line, 

ST. VT5 S v;r.}E SgS M s'S 

The values are compared with tho.e o i^Jnamed shown to be 

Dauvillier, and Dershem and those The measurement of 

riS-dtr/X’ hOi-IOO 1241-911 and I7„ 
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1095 53. The fainter lines ef this senes have been measured with 
reference to^ne of the stronger lines, and the following frequencv 
differences obtained; = ;, = 98-76 ; ^-o' = S,ia,-98'34- 

= , = 98-05; = , 97-55. These fi^re^ “confirm 

to a certain extent Sommcrfeld’s view that the L series can be 
divided into two groups with constant frequency differences between 
the lines. J F S 


Precision Measurements in X-Ray Spectra. Ill An 
X-Ray Spectrograph for Medium Wave-lengths. Masnb 

SiEGBAHN and A. B. Leide (rUl. Mag., 1919 [vil 38 G47— 651 
Compare preceding abstract) -An X-ray siiectrogripli is describe;! 
which is designed to bridge the regions measured by the instruments 
descried in the previous papers {lor. cit). In the present insti-u- 
ment tlie slit is placed behind the crystal. The crystal table is in 
fixed connexion with a high precision circle scale which can be 
turned in relation to the slit and plate-holder. To fix the crystal 
511 the re^juired position and for micrometrical adjustments, the 
circle is provided with a tangent screw attached to the arm for the 
plate-holder. Crystal table and plate-holder as a whole can be 
turned about the same axis. A circle scale and nonius on the back 
of the spectrograph sen^e to give an approximate adjustment of the 
crystal to receive the A-ray ]>encil under the reflexion angle 
required. The plate-holder and slit stand are mounted on the 
same bed -pi ate, and a thick lead cover is laid over to prevent 
liluokening through diffused rays. Calcile crystals alone have been 
need with this instrument. The measurement of tlie reflexion an<yle 
h carried out as follows. A fine slit (with gold edges) is adjustedTso 
ihat the normal from the rotating axis to the pliotographic plate 
passes through it. The crystal is ])]aced on the table wfth its reflect- 
ing plane in the rotation axis. The crystal is then turned so that 
the normal slit^plate forms an angle with the crystal face approxi- 
mately equal to the reflexion angle for the s]>ectral line soiight. This 
hdoiie in two ways; in one case the plate-holder may 1>€ turned to 
the right side in order that the incoming })oncil shall be reflected; 
ill the other case a turning of the plate-holder to the left is neces- 
sary. This spectrograph is suitable for wave-lengths O' 5 A.U. to 
2‘0 A.U. The instrument lias been tested on measurements of 
CiiA'ctj, Tn previous paper, using the vacuum sj>ectrograph, the 
value \ = 1537'36.W^ was obtaine<l ; with tlie present instrument the 
value X=: 1537*44 AV/ is found ; tlie difference 0 005% is attributed 
to a lack of information of the temperature-coefiicient of the lattice 
constant of calcite. j, g. 


The Radioactivity of the Water from the Principal Spring 
atBagnoles-de-rOrne and its Variations. V. Loisel (Compt. 

1019, 169, 791 7921. The water of Bagnoles contains 

rom llx 109 X 10"^- grams of dissolved radium per litre, 

he mean value being GSxlO-^- grams per litre. The amount of 
iamnm emanation in snlnfinn varies from 0'0002 0 001 5 micro- 

f'lrie per litre. W G 
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Application of the Thermionic AmpMen to Condnciivity 
Measurements. R. E. Hall and L. H. Adams (/, %lwer. Chem, 
Soc., 1919, 41, 1515 — 1525). — The use of an amplifier in conjunc- 
tion with the telephone in the measurement of the resistance of 
solutions makes the determination of the point of balance on the 
bridge much simpler. Any ordinary telephone becomes a much 
more sensitive instrument with an amplifier than the best telephone 
without it. When a sensitive telephone is used, the current 
through the bridge may be reduced to a tenth of the value neces- 
sary without the amplifier, and the instrument will still have 
several times the sensitiveness it has without the amplifier. An 
electron tube may be used as a source of alternating current for 
conductivity measurements. Its advantages are its cheapness and 
the wide range of frequencies which may be obtained with it. A 
first harmonic is present in the current, which is noticeable at low 
frequencies^ but which is not troublesome at a frequency of 1000 
cycles or more. If, for any reason, it should be desired to use, 
frequencies in conductivity measurements beyond the limit of the 
human ear, a telephone could still be employed to indicate the 
bridge balance by the use of the autodyne method. J. p. g. 

Preparation of Conductivity Water. C. B. Clkvekger a 

tnd. Eng. Chem,, 1919. 11, 964 — 966). — The apparatus described 
is a modification of the Bourdillon still (T., 1913, 103, 791); the 
steam, obtained from water containing phosphoric acid or potassium 
hydrogen sulphate, is led through a coil and trap, and then eaters 
a vertical tin tube about 6 feet long, the inlet for the steam bein^ 
at about the middle of the vertical tube. The latter is fitted with 
condensing jackets, one at the top and the other near the lower 
end. which is bent into the form of a trap and enters the conUia- 
ing vessel for the conductivity water. A current of pure air is 
admitted to the vertical tube through a side -tube just below the 
lower condensing jacket; this current of air ascends the vertical 
tube, mixes with the steam, and carries off any remaining impuri- 
ties through the upper end of the tube. The various parts of the 
apparatus are made of tin -coated meUl, and the upper end of the 
vertical tube is connected with absorption vessels for preventing 
the entrance of ammonia, etc. [See. further, /. Soc. Ckm. /nrf., 
1919, 928 a.J W. V. S. 

Behaviour of Electrolytic Ions in Solid Substances. 
Conductivity of Permutite Mixtures. A. Gonther-Schuizi 
{Zeifsch. Elckirorhem,. 1919. 25, 330— 333).- -The specific resist- 
ance and tempera tore- coefficient of twenty-one pure permutifes 
have been determined by the method previously described (A., 
1915, ii, 149), It is shown that in their preparation, in addition 
to an interchange of base, some permit titea adsorb considerabk 
amounts of salts. The specific conductivity of potassium-«iher 
permutite and sodium-silver permutite of a aeries of compositions 
has been measured, and it is shown that in the former case the 
conductivity ’ can be calculated according to the simple mixture 
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rule, whilst in the latter case this is only approximately true. 
On the assumption that the law of reciprocal influence of two salts 
with a common ion on the degree of ionisation holds, it follows 
that sodium, potassium, and silver permutite are dissociated to 
approximately the same extent. j. F. s. 

Is the Electrical Conductivity o! the Elements Conditioned 
by the Presence oi . Isotopes ? F. H. Loring (Chem. News, 
1919, 119, 199 — 200. Compare this vol,, ii, 384). — A theoretical 
paper in which various points dealt with in the previous paper 
(loc. cit.) are discussed in the light of the publications of other 
investigators. J. F. S. 

Anodic Polarieation. II. A. Suits {Proc. K. Akad. Wetensch, 

A wsterdarrif 1919, 21, 1 349 — 1 35 1) .— rAn explanation of the 
phenomenon previously described {ibid., 1918, 20, 1121) is given. 
Iron can only exist in a state of internal equilibrium in a solution 
which contains no ferric ions. The presence of ferric ions disturbs 
the equilibrium, the more the greater the concentration of the 
ferric ions. The potential of iron is therefore less negative in a 
solution that contains ferric ions than in one which is free from 
ferric ions. In the solution with which the stated phenomenon 
was obtained, the iron consequently did not present the potential 
of internal equilibrium, but a less negative potential. In such a 
liquid, iron, when brought into solution, will change the concen- 
tration of the electrolyte in the neighbourhood of the electrode. 
The iron goes into solution exclusively as ferrous ion. During this 
anodic solution, the internal equilibrium is disturbed, as is 
indicated by the less negative potential, and, at the same time, the 
metal is surrounded by a liquid layer poorer in ferric iron than 
the rest of the solution. After the current has been broken, the 
iron approaches internal equilibrium with great rapidity, and on 
account of the decrease m ferric-ion concentration in its immediate 
neighbourhood, will exhibit a more negative potential than before 
polarisation. This state can, however, only persist for a short 
period, since the ferric ions diffuse from the outside into the 
boundary layer, and so the potential becomes less negative, and 
eventually reaches its initial value. J. F. S. 

Electrical Characteristics of Pigment Colloids. Rudolf 

Keller {KoUoid- Zeifsch., 1919, 25, 60 — 62') . — Tu works of refer- 
ence on colloids, among others in that of Zsigmondy, it is stated 
that basic colour substances in colloidal solution travel towards 
the cathode, acid substances towards the anode, under the influence 
of an electric current. The author finds that this is not a general 
rule, for alkaline solutions of methylene-blue and acid magenta 
travel to the anode and acid solutions of the same substances travel 
to the cathode. The reason for this behaviour is probably that 
iu the first place pigment colloids, which have neither strong acidic 
uor strong basic characteristics, obtain their electric charges, 
according to Cohen’s rule, by virtue of the ratio of the dielectric 
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constant compared with that of water, and in the second place 
from the electric charges of the dispersion medium. J. F, S, 

Table of Ph‘,H‘ and OH' Values corresponding with 
Electromotive Forces determined in Hydrogen Electrode 
Measurements, with a Bibliography. Carl L. A. Schmidt 

and D. R. Hoagland {Univ. California Puh, Physiol., 1919, 2, 
23—69). — The table includes values of P^^ from O’ 034 to 14' 032. 
The bibliography of 467 titles covers the entire field of hydrogen- 
ion concentration up to 1919. The methods for the determination 
of hydrogen-ion concentration are reviewed. 

Chemical Abstracts. 


Discharge Electrolysis. Electrical Colloid Syntheses. 

V. Kohlschutter (Zeitsch. Plehtrochem., 1919, 25, 309—323).— 
An electrical method for preparing colloidal metals is described 
which consists in electrolysing water with either direct or altern- 
ating current combined with a condenser circuit. The author 
terms the process ''discharge electrolysis." Experiments are 
described in which colloidal copper is produced by the electrolysis 
of ordinary distilled water bv means of direct current (96 volts) 
or alternating current (125/8000 volts), using two copper elec- 
trodes close together with a condenser in a parallel circuit. It is 
shown that when a discharge of at least 100 volts passes between 
two copper electrodes in distilled water, the cathode is disintegrated 
into fairly large particles, but if an oscillating parallel circuit is 
combined with the main circuit, the disintegration passes over, 
more or less completely, according to conditions, to the anode, and 
colloidal copper oxide is produced. Experiments with direct 
current show that an increasing capacity in_ the secondary circuit 
and a decreasing resistance in the main circuit increase the amomit 
of disintegration, but. at the same time, the characteristic action 
of the oscillating circuit becomes more and more predominating. 
The disintegrated metal and the colloidal oxide are easily 
separated. The nature of the colloidal oxide depends on which 
of the two circuits predominates in its formation. The smaller 
the current strength and the capacity, the smaller are the colloidal 
oxide particles. The effect is produced because the electrolytic 
current covers the anode with a disperse oxide layer, and this is 
disintecrrated bv the spark discharge. When alternating current 
is used, the jirocess is helped by a depolarising action of the 
cathodic component. 


Auto-complexes in Solutions of Cupric CWoride and 
Cupric Bromide. Stewakt Byrou Watkins and Henry George 
Denhaj! (T., 1919, 116. VJG9-1279). 


Magneto-chemistry of Chromous and Oxychromic Salts. 

B. Cabrera and S. Pin.a df. RrniF.s (Ana!. Fu. ^ 

149 le?) --An account of a series of measurement of o 

netic susceptibility of solutions of chromous salts. The appawt 
and the method of Quincke were employed, lor the (hioin 
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ion in sulphate and chloride solutions, the integral number 24 
was obtained for the number of magnetons- The oxychromic salts 
of the formulae CfgO (804)3 ^^2001 4, each in the violet and the 

green modification, were also studied. Integral numbers of 
magnetons for ’these complex cations were not obtained. 

W. S. M. 

Maximum Temperature [Limit], Waltiier Jankowsky 
{Zcitsch, Slekirochem.f 1919, 25, 32o — 328). — A theoretical paper 
in which, from a consideration of heat of reaction at medium 
temperatures, it is shown that this quantity is developed for the 
most part by a conversion of potential energy into heat. From 
this deduction, it follows that not only must an absolute zero of 
temperature exist, but that there must also be an absolute upper 
limit (maximum temperature). The absolute zero is defined as 
that temperature at which the energy content of a substance 
consists entirely of potential energy and at which a conversion of 
potential energy into heat is impossible. The maximum tempera- 
ture is defined as that temperature at which the energy content 
consists entirely of heat and at which the conversion of heat into 
potential energy is impossible. All heat changes, inclusive of 
chemical reactions, must occur between these two temperature 
limits. In the neighbourhood of both points, the thermal proper- 
ties of all substances approach the zero value. Both temperature 
limits are only reached asymptotically. J. F. S. 

Investigation of Mewes' Law o! the Relation between the 
Volume of a Gas and the Temperature. Rudolf Hewes and 
U’DWTG Neumann (Zeifsch. Sauerstoff. StickHoff. ImL, 1919, 11, 
13—15; from Chem. Zenfr.^ 1919, iii. 149). — Some years ago, one of 
the authors proposed to replace Gay-Lussac’s formula, 4- at), 

by the expression (14 - <r) (1 + a)^, or, approximately, 

where log (1 + a) = 0-001 11. At temperatures above 0*^, and within 
not too narrow limits, the results agree closely with those of Gay- 
Lussac's formula, but the (liscrei)ancies increase with decreasing 
temperature; at -182°. for e.xainple, the ratio of the density to 
that at 0° is about 3 aco-ording to Cay-Tuissac and about 2 accord- 
ing to Mewes. Investigations by others have tended to confirm 
the older formula; the authors have therefore re-examined the 
behaviour of air, nitrogen, oxygen, and hydrogen with diminish- 
ing temperature, and have Iieen led to the conclusion that sources 
of error are to be found in the previous arrangements of all 
investigators, including their own. To eliminate such sources 
(partial liquefaction and surface condensation of the difficultly 
lic[uefiable gases), the ratio of the liquid portion to the total 
amount must be ascertained, wliich could be accomplished mathe- 
matically. It is found, however, that they do not give a satis- 
factory explanation of the divergencies between the experimental 
and calculated results ; particularly in the case of hydrogen, they 

20 * 
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can only exercise a slight influence on the value of the specific 
heat. H. W. 

The Speciac Heat of Air at Ordinary and Low Tem- 
peratures. Kael Schebl and Wilhelm Hbuse (Zeitsch, Sauerstofi 
Stickstoff. Ind., 1919, 11, 26—29; from Ghem. Zentr,, 1919, iii, 

14g 149). — ^The previous determinations of the specific heat of 

air at low temperatures are confined to -77^, -102®, and -170^ 
and lead to the conclusion that the specific heat at atmospheric 
pressure is independent of the temperature. The authors' experi- 
ments have been performed with a specially constructed calori- 
meter, in which the loss of heat is reduced to very small dimeuaions, 
The apparatus and mode of experiment are fully described in the 
original. The authors find that the specific heat of air increases 
with decreasing temperature, and is approximately 5% greater at 
~ 183® than at the ordinary temperature. H. W. 

Variation of the Specific Heat during Melting and the 
Heat of Fusion of some Metals. Itir6 Iitaka (ScL Rep, 
Tohoku Imp. Univ,, 1919, 8, 99— 114).— The specific heats of the 
elements bismuth, lead, tin, zinc, sulphur, and sodium have been 
determined at several temperatures, both above and below the 
melting points. It is shown that the specific heat undergoes a 
discontinuous change during melting, which is generally positive, 
but in some cases the change is negative. The following value? 
have been obtained: bismuth, Cg 0*0338, Ct 0*0356, Mcg 7*02, 
-7*40; lead, c, 0*0358, ct 0*0340, Mcg 7*43, Mct 7*04; tin, 

0*0662, Ct 0*0615, 3/c, 7*88, Mct 7*31; zinc, c* 0*110, c, 0*121. 
Mcg 7*20, Mct 7*91 ; sulphur, c, 0*200, Ct 0*199, Me, 6*41, Mct 6*39; 
sodimn, c, 0*330, Ct 0*347, Me, 7*59, Mct 7*98. The specific heat 
of the solid at the melting point is designated by c,, that of the 
liquid at the same temperature by C(, and the atomic heats by 
Mcg and Mci respectively. The atomic heat is almost constant 
and independent of temperature for the liquid elements. The 
atomic heat at constant volume has been calculated for the 
temperatures 0®, 100®, 200®, 300®, and the melting point. The 
values at the melting point are: bismuth 6*90, lead 6*58, mercury 
5*90, tin 7*40, and zinc 6*22. The latent heat of fusion has also 
been calculated from the experimental results, and the following 
values obtained: bismuth 12*24, lead 5*53, tin 13*38, zinc 231, 
sulphur 13*2, and sodium 26*0. 

Calculation of the Latent Heat of Vaporisation iron 
Critical Data, W, Herz (Zeitsch, Elektrochem., 1919, 25 
323— 324).— By means of the equations L = 

Zi = 2/3 the author shows that the latent heat of 

isation of noii-associated liquids may be calculated. The sym 
have the fojlowing significance: L is the latent heat ® 
tion, Tg is the boiling point in degrees absolute, Ti K . 
critical temperature and critical pressure respectively, and di _ 
the critical density. The calculations have been made for twe y 
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two organic liquids and three inorganic liquids, and it is shown 
that there is a moderate agreement between the calculated and 
gxperunental results. In the case of water and methyl alcohol, 
which axe associated, there is a wide divergence between the calcu- 
lated and experimental values, but in that of acetic acid, which is 
also associated, the two agree to within 10%. J. F. S. 

A Vapour Pressure Equation, Georgk W, Todd and S. P. 

I WEN {Phil, Mag., 1919, [vi], 38, 655— 660).— A mathematical 
apex in which the equilibrium of a vapour in contact with its 
quid is considered on the assumptions that all vapour molecules 
fcriking the liquid surface penetrate it, and only those liquid mole- 
ules which have a velocity greater than a definite critical value, 
whatever their angles of impact with the surface, penetrate it and 
eave the liquid. Vapour-pressure equations p~A per^P Q.ArB j9) 
,nd are deduced, in which p is the vapour 

)ressure and /> the density at a temperature 0 . 5 is the collision 
requency of a molecule of velocity c. The former equation is 
iseful where the density value.s are known up to the critical 
^mperature, and the latter for those cases where the density is 
)Dly known over moderate ranges of temperature. The equations 
ire tested in the case of water, mercury, benzene, bromine, and 
jthyl ether, where a fairly good agreement with experiment is found. 
The average kinetic energy of a molecule at the critical tempera- 
ture [Qc) is expression 1 273(5-5 x 10“^^) erg. 

A table of values of log *4^ and 7J obtained from vapour-pressure 
measurements is given for thirteen liquids, and it is shown that 
the value of B obtained from the critical temperature is one- third 
to one-fourth of the value obtained from the equation. 

J. F. S. 

Simple Method of Determining the Velocity of Sound in 
Gases and Vapours and the Density of Gases. P. Brauer 
(ZdUck phj/sikal. Chem. Unterr., 1919, 32, 1 — 6 ; from Chem. 
lentr., 1919, iii, 114 — 115). — The experiment is performed in thin- 
walled tubes, 2 — 3 cm, in diameter and at most 60 cm. long, which 
are filled with the gas or vapour. The note emitted when the tube 
is struck is matched by that of a mo nochord string, and the experi- 
ment is repeated with the tube full of air. The frequencies of the 
notes are inversely proportional to the lengths of the strings. The 
velocity of sound and the density of the gas are readily calculated. 
Tie procedure is as accurate as that proposed by Victor Meyer, and 
cau be more rapidly carried out. H. W. 

Absolute Determination of the Coefficients of Viscosity 
of Hydrogen, Nitrogen, and Oxygen. Kia-Uk Yen {Phil 
•%., 1919, [vi], 38, 582- -SOG),- The absolute viscosities of hydro- 
pi nitrogen, and oxygen have been detenuined at 23-00*^ and 
pressure by Millikan's constant deflexion apparatus, previ- 
ously described (Gilchrist, Rev., 1913, 1, 124; Harrington, 
w., 1910 ^ 3 ^ 738). The resuite obtained are: hydrogen, tj x 10 ^= 

2»-~02 
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882‘16 (20 expts.); oxygen, t/x 107 = 2042‘35 (20 expts.)j and nitro- 
gen, 1 /x 10^=1764*80 (21 expts.). An accuracy of 0*15% is claimed 
for the results. J. F. S. 

Adsorption of Gases at Low and Moderate Concentra- 
tions. I. Deduction of the Theoretical Adsorption Isostere 
and Isotherm. II. Experimental Verification of the Form 
of the Theoretical Isosteres and Isotherms. A. M. Williams 
{Froc. Roy, Soc., 1919, [A], 96, 287— 297).— The theoretical form 
of the adsorption isostere is deduced and found to he log a/ 0=5 
A IT, -where A and B are functions of a alone. The theoretical form 
of the adsorption isotherm is found to be log a/c^Ao-Aja, where 
Afl and A| are functions of the temperature only. These equations 
are tested by means of the data of various observers on the gases, 
argon, methane, carbon dioxide, ammonia, nitrogen, and carbon 
monoxide, A satisfactory agreement is found in the case of the 
former equation for gases above or near the critical temperature. 
Ill the latter case satisfactory agreement is found up to moderate 
adsorptions of gases above their critical temperature. J. F. g. 

Adsorption of Gases at Low and Moderate Concentra- 
tions. III. Experimental Verification of the Constants 
in the Theoretical Adsorption Isostere. A. M. Williams 
{Proc. Roy. Soc., 1919, [A], 96, 298—311. Compare preceding 
abstract). — Tlie constants of the equation for the theoretical adsorp 
tion isostere are deduced from the observations of many observers 
for the gases argon, ethylene, carbon dioxide, methane, carbon 
monoxide, and nitrogen. The form of theoretical adsorption isostere 
has been determined at zero concentration for the above-named 
gases above the critical point, Tlie relationship among the con- 
stants is in good agreement with the theory based on the existence 
of a thin surface layer. The range of molecular attraction is deter- 
mined and found to vary from 3*2 to 4*1 x 10~® cm. J. F. S. 

Theory of Adsorption of Electrolytes. The Adsorption 
of Organic Dyes. Lkonor Micharlis and Petkr Hona {Biochm. 
Zeit^ch., 1919, 97. 57 — S4). — The salts of basic and acid dyes have 
been employed in the study of adsorption by various substances. In 
the case of charcoal the cations and anions are adsorbed in equiva- 
lent proportions. Slight deviations from this principle can be 
explained by the impurity of the charcoal. When insoluble salts 
are used as adsorbents there, is an exchange of anions or cations 
l>etween the adsorbents and the substance adsorbed. Insoluble acA 
or basic oxides have shown no perceptible adsorbing capacity. In 
no case was a “hydrolytic” adsorption of the salts observed, that 
i®, where the salts were split into acid and base, and the adsorption 
of one ion only took place. The nature of the adsorption capacil} 
of carbon is discussed. , 

Adsorption of H- and OH-Ions and the Ions of the Heavy | 
Metals by Charcoal. Pktkr Hon a and Leokor Michaems 
(Biochem. ZtiUch., 1919, 97, 85-97).— The H- and OH-ions awj 
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adsorbed by charcoal fco the same extent. The amount of mercuric 
chloride adsorbed by cliarcoal may, in the presence of chlorides, be 
diminished by aa much as 60%. S. 8. Z. 

Electrification of Water and Osmotic Pressure. Jacques 
XiOEB (J. 1019, 2, 87 — 106). — It is sliown for the am- 

photeric electrolytes, aluminium hydroxide, and gelatin, that in the 
presence of an acid salt water diffuses through a collodion membrane 
fpto a solution of these substances as if its particles were negatively 
charged, whilst water diffuses into solutions of these electrolytes, 
^hen they exist as salts of univalent or bivalent metals, aa if the 
particles of water were positively charged. The turning point for 
the sigo of electrihcation of water seems to be near or to coincide 
with the isoelectric point of these two ampholytes, which is about 
for gelatin and for aluminium hydroxide. 

Apparently positively charged water diffuses with less rapidity 
through a collodion membrane into a solution of calcium or 
barium gelatinate than into a solution of lithium, potassium, sodium, 

07 ammonium gelatinate of the same concentration of gelatin and 
hydrogen ions, and negatively charged water diffuses with less 
rapidity through a collodion membrane into a solution of gelatin 
sulphate than into a solution of gelatin chloride or nitrate of the 
same concentration of gelatin and hydrogen ions, 

If osmotic pressure is defined as the additional pressure on the 
solution required to cause as many molecules of water to diffuse 
from solution to the pure water as diffuse simultaneously in the 
opposite direction through the membrane, it follows that the osmotic 
pre-ssure cannot depend only on the concentration of the solute, but 
must also dej-tend on the electrostatic effects of the ions present, 
and that the influence of the ions on the osmotic pressure must 
be the same as that on the initial velocity of diffiisioii. This assump- 
tion was testcil in experiments with gelatin salts, for which a collo- 
dion membrane is sti’icfly semiperinealdo, and the tests confinned 
tlte expectation. J. C. 1). 

Hydrogen and Hydroxyl Ion Equilibria in Solutions. II. 

W. Loffleh and K. Simro (//fVif. .If'M, 1919, 2, 533 — 550. 

Compare Asher and Spiro, 1909. 8. 254). — From 

experiments, carried out by the indicator method, on the changes 
in the hydroxyl and liydrogenJon concentration in solutions of 
glycine brought about by neutral substances of physiological import- 
ance, such as glycerol, dextrose, and ethylene glycol, it is shown 
that these substances are cafuilde of formi?ig complex salts. This is 
seen particularly in Die case of glycine. Simh solutions, which are 
non-sensitive to a change in their alkalinity, change their concen- 
tration of hydrogen and hvdroxyl ions by shaking with animal 
ckrcoal in tlm sense that thev approacli neutrality. The adsorption 
l^y charcoal is to be regarde<l as a process of .solution, and it is 
shown that a different decomposition of acid salts in aqueons solu- 
tion ia brought about by shaking with animal charcoal, J. F. S. 
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[Behaviour of Non-aqueous Solutions of Salts.] R, 

Beutner {Zeiisch. Elektrockem,} 1919, 25, 328 — 329, 329 — 330. 
A. Thiel, ibid., 329). — Polemical. Beutner answers Thiel’s 
criticism (this vol, ii, 388) of his paper (this voL, ii, 263). In ^ 
second paper Thiel further criticises Beutner’s conclusions, and in 
a third paper Beutner gives a final reply to Thiel. J. F. S. 

Crystallisation Phenomena in Formaldehyde-Gelatin 
Jellies. W. Moeller {KoUoid. Zcxiscli., 1919, 25, 67— 74).— The 
crystallisation of formaldehyde gelatin jellies has been experimen- 
tally studied. It is shown that the crystallisation phenomena (for- 
mation of spharo-crystals) are to be attributed to the orienting influ- 
ence of the formaldehyde condensation and polymerisation products 
on the a-gelatin micellse. In the observed spherical crystal forma- 
tion the individual micelloe are arranged radially in the form of 
concentric spherical sheaths, and behave optically as a crystalline 
drop. The numerous forms which differ from the above are attri- 
buted to a deformation brought about by the tensions set up while 
the jelly is drying, whereby the arrangement of the micella 
approaches more and more to a fibrous structure. Spharo-crystals 
pr^uced by varying the experimental conditions often exhibit this 
fibrous structure. J. F. S. 

Coagulation. I. The Velocity of Gelation and Hydrolysis 
of Gelatin Sol. Rinnosuke Snn.Ti [BiocKem. J., 1919, 13, 
227 — 238). — The equation t;£ = pi'/ 1 + is given, which 

represents the change in viscosity of gelatin sol with respect to 
time in the early stages of gelation, and the bearing of this equa- 
tion on the nature of gelation is discussed at some length. 

Another equation, = 1 (?;,■“ 17 , ” 1/(i7jo~ is giveo 
which represents the change in viscosity of gelatin sol with respect 
to time in the course of its hydrolysis caused by heating. 

J. C. D. 

Coagulation Process [of Colloids]. H. R. Kruyt and Jac. 
VAN DER Spek {Kolloid 1919, 25, i — 20). — The coagula- 

tion of arsenic sulphide and ferric hydroxide sols has been investi- 
gated. It is shown that the relationship between coagulation value 
and the colloidal concentration for arsenic sulphide sols varies as 
follows : the coagulation value for a univalent precipitating ion 
increases with increasing dilution, for a tervalent ion it decreases, 
and for a bivalent ion there is a slight decrease. The reduction of 
the degree of dispersion by boiling or by a change in the original 
concentration leads to an augmentation of the coagulation value 
for potassium and barium ions, bub to a reduction for aluminium 
ions. These phenomena may be explained by the hypothesis that 
the colloidal particles may combine as they approach one another 
through their Brownian movements. The reduction of the total 
surface conditions a reduction of the quantity of electrolyte neces- 
sary to reach a definite adsorbed quantity. Dilution and a reduc- 
tion in the dispcrsity cause a separation of the particles an 
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reduce the chances of their collision, and under these conditions a 
smaller charge is necessary for their coagulation, Similar experi- 
ments were made with ferric hydroxide sol, but here both sodium 
hydroxide and disodium phosphate behave irregularly. J. F. S. 

Colloidal Processes in the Setting of Plaster, Structure 
of Plaster of Paris. J. Traube (Kolloid. Zeitsck, 1919, 25, 
g3— 66). — The velocity of the setting of the heraihydrate of 
calcium sulphate has been investigated, and the influence of the 
addition of salts, acids, bases, and neutral substances to the soft 
plaster on the rate of setting has been observed. Ten grams of 
calcium sulphate were rapidly mixed with stated quantities of water 
or solutions of other substances, the mixture poured on to a glass 
plate, and the time noted when it had completely set. With 4 c.c. 

O'fliV-potassium chloride, setting occurred almost instantaneously, 
yibh 5 c.c. in 2*5 minutes, with 7 c.c. in 4 minutes, with 15 c.c, 
he mixture had not set in 40 minutes. Using 7 c.c. of saturated 
potassium chloride solution, setting occurred in 12 minutes; 7 c.c. 
of i\73-solution required 4‘5 minutes, 7 c.c. of 0*25 J required 5 5 
minutes, and 7 c.c. of iY/16 19 minutes. There is, therefore, a 
maximrim setting velocity for medium concentrations. In experi- 
ments with other salts, it is shown that the influence of the anion 
is very small, but that of the cation is all-important. The order 
in which the cations influence the setting is the reverse of the order 
in which they precipitate colloids from solutions ; thus the univalent 
cations accelerate the setting most. From these experiments, it is 
concluded that the combination of the hemihydrate of calcium 
sulphate with water is brought about in the first place by gel form- 
ation. A similar series of experiments was made with 7 c.c. of 
various acids in A/2'Concentration. The order of setting from the 
most rapid is hydrochloric acid, oxalic acid > sulphuric acid> tri- 
chloroacetic acid > tartaric acid > boric acid > phosphoric acid > 
dichloroacetic a cid>chloro acetic acid>acetic acid>propionic acid 
>citric acid. The addition of 7 c.c. of J/ 2-potassium hydroxide 
effected setting in about the same time as hydrochloric acid, Non- 
conductors, such as chloral hydrate, amyl alcohol, propionitrile, 
mannitol, paracetaldehyde, methyl alcohol, and methyl ethyl 
ketone had no influence on the rate of setting. Gelatin and gums 
retarded the rate of setting. By allowing ferric chloride to diffuse 
through the set plaster towards potassium ferrocyanide which is 
diffusing in the opposite direction, structures of the same nature 
as the protoplasm structure are obtained. Agate structures and 
others of both geological ami physiological interest have also been 
obtained. The author’s experiments confirm in every detail the 
views on the nature of the setting of cements put forward by 
Cavazri (A., 1913, ii, 136). J- S. 

Molecular Mechanism of Colloidal Behaviour. II. The 
Swelling o! Fibrin in Alkalis. Richard C. Tolmax and Russel 
S. Bucew^ell (/. .dmer. Chem. Soc.. 1,919, 41. 1503-— 1510. 
Compare Tolman and Steam, this vol., ii, 101). — The swelling of 
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fibrin, in solutions of sodium hydroxide, potassium hydroxide, 
and ammonia of various concentrations, and also of similar 
solutions containing potassium chloride, potassium sulphate, and 
sucrose has been investigated. It is shown that the swelling in 
solutions of sodium and potassium hydroxides reaches a maximum 
at very low concentrations — less than N 120; in the same way, the 
adsorption of alkali reaches a maximum at low concentrations, and 
a further increase in the concentration of the alkali brings about 
no change in the adsorption, but a reduction in the amount of 
swelling. In the case of ammonia solutions, it is shown that both 
the amount of swelling and the adsorption increase with increasing 
concentration up to O-SA’ without reaching a maximum. The 
addition of neutral salts reduces the swelling in the same way a.s 
increase in the concentration of the alkali itself after the maximum 
has been reached, and also increases the adsorption. Sucrose has 
no effect on the swelling of dbriji, but water is adsorbed from the 
solution by the fibrin, J. P. S. 

Molecular Mechanism of Colloidal Behaviour. Hi. 
Chemical Nature of the Adsorption of Acids and Alkalis by 
Protein Molecule. Russel 8. Bracewell {J. Amer. Chem. 
Soc.j 1919, 41 , 1511—1515. Compare preceding abstract).— A 
theoretical paper in which it is shown that the acid-adsorbing 
power of proteins is mainly due to the free amino-groups present, 
that is, adsorption consists in the formation of weak compounds 
between the amino-group and tlie acid. Attempts to formulate a 
similar hypothesis for alkali adsorj)tion were unsuccessful. 

J. F. S. 

Colour of Colloids, VIII. Wilder 1). Bancroft (/. Physical 
Chem., 1919, 23 , 445 168. Compare this vol., ii, 324).— A con- 

tinuation of the previously published discussion. In the present 
paper, absorption colours, colours of turbid media, prismatic dis- 
persion colours, grating colours, and colours of thin films are dis- 
cussed in their relationships with the colour of birds and butterflies. 

J. F. 8. 

Colloidal Electrolytes : Soap Solutions as a Type. 

William McBain, (Miss) M.\uy Evelyn Ti\iNo, and Alan 
Francis Titley (T., 1919, 115 , 1270 1300). 

The Degree of Hydration of the Particles which Form the 
Structural Basis of Soap Curd, Determined in Experiments 
on Sorption and Salting Out. James William McBain and 
(Miss) Millicent Taylor (T., 1919, 115 , 1.300—1308). 

Simultaneous or Successive Chemical Decompositions 
Provoked hy Phsrsical Agents. J. A. Muller (Cornet, md, 
1919, 169 , 793 — 794). — In simultaneous decompositions of the 
first order, the ratios of the two coefficients of decomposition, at 
the end of any given *time, are ecpial to the ratios of the corre- 
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ally, tlie“eq4tTons^g"ven, tegltW' with the'"’'*' u 

analyses, provide a means of determining th!^?, chemical 

the changes produced in pyrogerSpoSii^r^ 

The Interaction of Chlorine an.i rr ^ 

Influence of Mass. David Leovard Ciup,fAv The 

Harvey Whiston (T., 1919, 115, 1264-11269)^^^ *^^”^ ^^eginald 

Comparison of the Temperatures of • 

from Specific Heats with the calculated 

calculated from Explosive Explosion 

(Comp, rend., 1919, 169, 723—7og\ Muraour 

ments with mixtures of tolite^aiicl the result of experi- 

that the explosion temperatures as calculatl shown 

heats of Mallard and Le Chatelier or nf 1 
higher than the figures obtained by are markedly 

metric tables, except where the temnerahirp J^om the mano- 

results obtained by either method in fh 

certainly below tl actual temperluirl 'T" 

lated from the manometric pressure in tbi.. r • results, as calcu- 

indicate either that the value of the nrec as to 

that the law used for expressint? the^ rnodified or 

Mgh temperatures and pressures'-s incorr^cr'^Ow^^^ 

rcrreb^-s^eci^^bT^tra;^^ 

lated from the pressure tables of il,e French re^rr^rurorltS' 

W. G. 

Ignition of Gases by Hot Wires w \r t 

Mail., 1919, fvil 38. 613- 633\ tL • 

hydrogen, methane, ethane, pentane ethvlenT*^'^” 1 

coal gas, and vapours of methyl aleohol ethvi T ^ monoxide, 

and benzene in air by electrhmllT wL ^ ° 

iron, tungsten, molybdenum, gold, ami siC'of vSus'’ diamt"’' 

s strnS, •; §•, £-£f ?“• 

bust on of the mixtnri nf fU. > ' ot the heat of com- 

independent : rvtenit'^I Xr"*’';"’' ■’* ^ 

sourf'P nf ' «xt^;rnal idivsical or ohemical variable Tb^ 

depending ftrfct'lv oT'tL‘"’["^"r ''™’" P'’«"°'°enon 

efVeiS t'eneration of heat bv the passage 

“'eta! itself, so near (r'ii“'th'ir !,"’’ ".l’' 

near to it that the ordinary gas laws are not 
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operative. Oxygen is tlie only active component of all tlie mix. 
tures, and it can be inferred that the mechanism of hot wire 
ignition is an attack on oxygen either within the wire or by positive 
ions of combustible gas just ejected from it, for the temperatures 
at which surface action begins are lower than those which start 
combination of gases separately heated to a point at which they 
explode on mixing. Electric and magnetic fields have no influence 
on surface combustion observable by the phenomena of ignition. 
Compared with spark ignition, hot wire ignition is singularly 
constant in type. S, 

The Determination of Ignition-temperatures by the Soap- 
bubble Method. Albert Ureville White and Tudor Williams 
Price (T., 1919, 115, 1248 — 1264). 

Indirect Analysis of Gas Hydrates by a Thermodynamic 
Method and its Application to the Hydrate of Hydrogen 
Sulphide. I. and II. F. E. C. Scheffer and G. Meyer {Proc. K, 
Akad. Wetensch. Amsterdam ^ 1919, 21, 1204 — 1212, 1338^ — 1348). 
—In earlier papers (Scheffer, A., 1911, ii, 264, 870) it is shown 
that in solutions of hydrogen sulphide a four-phase equilibrium 
exists between a hydrate, two liquid phases (water and hydrogen 
sulphide), and gas. The analysis of the hydrat-e leads to a water 
content between 5T and 5*4 molecules per molecule of hydrogen 
sulphide. It is likely that the accepted value SHgO is not correct, 
and, with the object of determining the true composition, the 
authors have developed, on thermodynamical considerations, a 
method of indirectly ascertaining the composition of such hydrates, 
The method is briefly as follows. A binary system is taken of 
which one component, A, is gaseous over a definite temperature 
range, and the second, B, is near its melting point, and is not 
markedly volatile. On increase of pressure, a solid compound can 
form from the gas A and the solid B. In the melted component B, 
the gas is soluble neither as such nor as compound. In the equil- 
ibria set up, the component A appears as a gas (G) and bound in the 
compound S; the component B occurs free as solid, and liquid, 
X, and bound in the comj)ound S. The three-phase lines SrLG 
arid SSgL coincide with the melting-poiiA line of B, The trans- 
formation is indicated by the change S/f L on both three-phase 
lines, and is the same as’^on the melting-point line of pure B. The 
triple point of B lies near the T axis; the sublimation and boiling- 
point line of B practically coincides with the I axis. If the com- 
pound is indicated by A 5a, the transformations on the two other 
three-phase lines are indicated bv A Bn ^ A+nB-Bi (on S^bG) 
and ABn ^ A+nB-K. (on SLG). The difference of the two 
energies and B. is equal to the heat of fusion of n molecules of 
5. B^-B^^nQ when the heat of fusion of 5 is $ per molecule. 
Making use -of the Clapeyron equation, the value of can 

be determined if the three-phase lines SS 0 and BLO are known. 
This method is applied to the system hydrogen sulphide- water, ana 
the lines SStdr and SLG are experimentally determined, and tro 



GENERAL AND PHYSICAL CHEMISTRY* ii, 503 

the data thus obtained the value of n is found to be 6. Hence 
the crystalline hydrate of hydrogen sulphide is 

J. F. S. 


Theory of the Velocity of Reaction in Gases. Karl F 

Hbrzfeld {Ann. Physik, 1919, Tivl 59 

1919 26, 901 ,f “ J; 

the velocity of reactions of the first and second order is discussed 
liistorioal introduction, the work of Trautz 
(A., 1909, 11, 557, 60I), among others, is discussed. It is shown 
tiiat m developing a systematic conception of gas reactions, the 
mtroduction of a retardation is helpful. That is, a condition based 
on the consideration of whether an atom can react directly or 
whether it must first break away from an existing combination 
before reaction is possible, In exothermic reactions with one or 
no retardation every collision of the molecules is operative, in- 
dependently of the temperature, ^ whilst with two retardations only 
a small fraction of the collisions is operative, and these are 
dependent on the temperature. In the case of endothermic reac- 
tions, only one example of a retardation is known, namely the 
formation of hydrogen bromide; here it is shown that, for a coliision 
to be operative,, the kinetic energy, which depends on the opposing 
velocities of the colliding particles, must be greater than the heat 
of the reaction. The influence of the internal energy makes itself 
obvious, inasmuch as only a definite proportion of the reacting 
substances^ can be converted^ into the products of the reaction. 
Therefore in exothermic reactions the number of operative collisions 
is to be multiplied by a factor which depends on the internal specific 
heat. The reaction formula deduced are applied to the work of 
Bodenstein (A., 1899, ii, 637) and Lind (A., 1907, ii, 76) on the 
formation of hydrogen bromide, and very good agreement is shown 
to exist. J F S 


The Velocities of Combination of Sodium Derivatives of 
Phenols with Olefine Oxides. II, David Runciman Boyd 
and (Miss) Doris Felth.im Thomas (T., 1919, 115, 1239—1243). 

The Rate of Hydrolysis of Methyl Acetate by Hydro- 
chloric Acid in Water- Acetone Mixtures. George Joseph 
Burrows (T., 1919, 115, 1230—1239). 

Kinetics of Reactions with Substituted Malonic Acids* 

A. L. Bernoulli and W. Wege {Hdv. Chim. Acta, 1919, 2, 
511 — 532). — The kinetics of the scission of carbon dioxide by heat 
from malonic acid or methyl-, ethyl-, ally!-, benzyl-, phenyl-, 
diallyl-, dimethyl-, methylethyl*. diethyl- and dipropyl-malonio 
acids have been studied at 100°. The formation of acetic acid from 
an aqueous solution of malonic acid, over the temperature range 
/5 110°, is a strictly unimolrrulav reaction. By means of graphic 
extrapolation, it is shown that the lower limit of measurable change 
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lies at 66°. With the single exception of diprop ylmalonic acid, in 
which case the value of k is not satisfactory, it is shown that all 
the substituted malonic acids are decomposed at 100° in aqueous 
solution, according to a unimolecular equation, Substituents, in 
the malonic acids, with either one or more double bonds, increase 
the velocity of decomposition, whilst substituents without double 
bonds reduce the rate of decomposition. The accelerating action 
of the double bond increases with the number and also with the 
nearness to the methylene group of the malonic acid; thus, the 
phenyl group accelerates the velocity more than the benzyl group. 
The entrance of a second substituent, similar or dissimilar, strongly 
decreases the rate of decomposition j thus, diallylmalonic acid 
decomposes with about half the velocity of ally! malonic acid. A 
parallelism is shown between the thermal stability of these sub- 
stances (measured by the heat of formation) and the ^ kinetic 
stability (measured by the reciprocal of the reaction velocity). 

J. F. S. 

The Rhythmic Evolution of Carbon Monoxide and the 
Constant of Accumulation. Tokiharu Okaya (Proc. P%s. 
Math, Soc. Japan, 1919, [3], 1, 43— 51).— The author has previously 
suggested that in the case of the rhythmic precipitation of silver 
chromate in gelatin, there must exist certain relations between the 
concentrations of the reacting ions to determine the physical state 
at the moment of precipitation, and concluded that to ^ precipitate 
silver chromate it is only necessary that the amount of accumula- 
tion product of the ions should attain a definite value. TI^, which 
is constant throughout. In the present paper, the phenomenon 
of the rhythmic evolution of carbon monoxide produced by the 
dehydration of formic acid by sulphuric acid is satisfactorily ex- 
plained by the notion of the accumulation product.’’ It is also 
shown that the reaction is one of the first order. The author 
points out that the existence of the quanta in natural phenomena 
is not limited to energy only. The present case and Liesegangs 
phenomena are but examples of such types of natural phenomena. 
^ Chemicai. Abstracts. 

Size and Shape of the Electron. Arthur H. Comptos 
(Ph>/sical Rev., 1919, 14 , 20 -40).— Assuming as proved that the 
amount of radiation of short wave-length scattered by varimu 
elements is proportional to the atomic number of the element, ami 
accept inc^ Thomson’s assumption that the electron is a point charge, 
the scattered energy should be as great as that calculated from the 
Thomson equation"' Actually, it is considerably less, sometimes as 
low as one quarter of the theoretical value. Unless a pulsation 
theory for these ravs is abandoned, the discrepancy can only be 
explained on the assumption that the electron is comparable m 
magnitude Avith the wavelength of the 
2 X 10-^® cm. Three tvpes of electrons are suggested,^ and ■ 
scattering is calculated 'for each type. All three satisfacton 
fulfil the requirements. Type I, rigid spherical shell, yp** 
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flexible spherical shell; type III, flexible spherical ring. On still 
another count, a point charge electron is inadequate to account for 
the fact that emergent scattered radiation is more intense than 
incident radiation. It is necessary to assume an independent rota- 
tional activity of the electron, which type III above seems best 
suited to admit. Chemical Abstracts. 


Valency Centres, 0. HiNsnKRG [J. Chcm,, 1919, [ii], 99, 
232—238). — An extension of ideas previously advanced (A., 1916, 
i, 725; 1917, ii, 173, 461; 1918, ii, 106). — The theory deals with the 
elements of the first, second, fourtlj, sixth, and eighth groups of the 
periodic system, and it is assumed that one valency centre is present 
ill the first four elements of each series and two valency centres in 
the four succeeding elements. The discontinuity of the physical 
properties of the elements in a series is conditioned by the occur- 
renS of the second valency centre from the fifth group onwards, 
which causes a marked depression in melting and boiling points. 
In the formation of compounds with negative elements, the total 
valency of the elements of the fifth to seventh groups is utilised, 
whilst with positive elements or groups only the diflerential valency 
is used; the occurrence of elements of no valency appears to be 
merely an extension of the process of equalisation of the valencies 
of the two centres, the commencement of wliich is already apparent 
in the fifth to seventh groups. The ability to form ions, which is 
proper to many elements of the sixth and seventh groups, is prob- 
ably due to the tendency of the atoms to form a particularly stable 
system by internal equalisation, in wliich four electrons are attached 
to each nucleus, or eight electrons are contained in a ring. The 
capability of forming onium compounds, as exhibited by nitrogen, 
sulphur, iodine, etc., depends on the presence of two valency centres, 
and therefore occurs solely in the right half of the periodic system. 
The equivalence of the snljilmr atom to the -CHICH- group in the 
formation of ring conqxninds (for example, thiophen and benzene) 
is explained by the fonnulm; 


cir.oH 



S (in thiophen) 


ill wliich the two hydrogen atoms of the group CH'.CH are replaced 
ill the sulphur atom by two valency electrons (E), which are not 
compensated within the atom. ^ 

A number of eases among siil]diur compounds are known, hi which 
the isomerism can only be explained with difliculty if the presence 
of a single valency centre in the sulphur atom is assumed; if, how- 
ever, two valency centres are present, the difficulty is removed. 
Thus the isomeric )3-naphthol sulphides, in. p.’s 216° and 152° respec- 
tively. can be formulate<l : 

• -CjJI,;01T am! 

The molecular complexity of the nietalloid.s can be explained by 
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assuming that the partial equalisation of the two valency systems 
which occurs within the atoms can also take place between different 
atoms. W. 

Isomorphism, Isosterism, and Co-valence. Irving 
Langmuir (/. Amer. Ghem. 5 oc., 1919, 41, 1543 — 1559). — The octet 
theory of valency indicates that if compounds having the same 
number of atoms have also the same total number of electrons, the 
electrons may arrange themselves in the same manner. In this 
case the compounds or groups of atoms are said to be isosteric. Such 
compounds should show remarkable similarity in their physical 
properties, that is, in those properties which do not involve a separa- 
tion of the atoms in the molecule. Thus Ne,Na+, and Mg++ 

are isosteric, as also are N2’CO*CN“ and CH4 and NH4+. In cases 
where isosteric groups have the same electric charges the properties 
are directly comparable; thus, No and CO, N2O and CO2, KNj and 
HCNO are nearly alike in all their physical properties. When the 
charges are dissimilar the similarity may manifest itself between 
properly chosen compounds, thus, KNO3 and CaC03. The following 
cases of crystalline isomorphism are predicted by the octet theory 
and found to be in accordance with experimental observation : NaF 
and MgO, KNg and KNCO, KNO^ and SrCOj, KCIO4 and SrS04, 
NaHS04 and CaHPO^, MnSe04,2H20 and FeAs04,2E20. Many 
other pairs are predicted, but have not yet been expmrimen tally 
investigated. The theory of isosterism makes the deduction of cer- 
tain relationships a very simple matter. Thus since argon is an 
isostere of the potassium ion, and methane is an isostere of the 
ammoqium ion, it follows that the potassium and ammonium ions 
must have similar properties because argon and methane are nearly 
alike in physical properties. Similarly, the relationship between 
argon and nitrogen enables the tracing of an equally close relation- 
ship between cyanogen and chlorine ions. The experimental data 
prove that the crystalline form of sulwtances depends on the struc- 
ture as given by the octet theory^ thus indicating that this theory 
gives a true picture of the constitutions of crystalline solids. The 
following conclusions are drawn: (1) theco-valencyof sodium, potass- 
ium and chlorine (in chlorides) is zero. ( 2 ) The co-valency of the 
central atom is 4 in nitrates, carbonates, sulphates, perchlorates, 
phosphates, permanganates, chromates, selenates, and borofluorides. 
( 3 ) Carbonates and sulphites are not isomorphous, the covalency of 
the central atom being 4 and 3 respectively. (4) Nitrates^ and 
chlorates are not isomorphous, the co-valency of the chlorine being 3 
in chlorates. 

New Hypotheses as to Different States of Matter. K, T. 

Bacon (7. Phmcal Chem., 1919, 23, 469--477).--A theoretical 
paper in which it is shown that in tlie solid and liquid conditions 
matter is virtually incomjmessible, although under very high pres- 
sure, but constantly increasing in volume with increasing tempera- 
ture, and for the liquid state with this condition continuing up to 
the critical point, except that near the critical jxiint the apparent 
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compressibility of the liquid phase may be increased by solution of 
vapour molecules. The molecule, therefore, is constantly increasing 
the diameter of its sphere of influence as temperature increases up to 
the critical point. At this point the spheres of influence of the 
molecule of liquid and of vapour have the same size, since both 
forms of matter occupy the same space and have the same density. 
At the critical point the volatile form is at the dividing 
line between a saturated vapour and a true gas, and the vapour 
cannot act as a true gas b^ause the spheres of influence of its 
molecules are in three dimensional contact, tlius precluding trans- 
latory motion. Although the molecules in the liquid state continue 
to increase the dimensions of their spheres of influence with advanc- 
ing temperature in spite of increasing pressure, nevertheless gaseous 
molecules can be materially compressed so as to occupy a smaller 
volume than at the critical point even at temperatures well above 
the critical temperature. Hence the spheres of influence of a true 
gas decrease with increasing temperature so as to allow a free path 
and thus cause them to follow Boyle's Law. The effect of the dis- 
solved barium sulphate in a saturated aqueous solution is consi- 
^iered. Here a single molecule of barium sulphate (that is, one 
barium ion and one sulphate ion) so influences 10,000,000 water 
molecules that they are incapable of dissolving raoi*e barium sul- 
phate, and imparts to the water a much higher conductivity; all 
this when the barium sulphato in solution can only come into con- 
tact with a small fraction of the water molecules. The author con- 
siders that the solution of barium sulphate up to its saturation 
}X>int brings about a virtual e.xpansion of the water molecules so 
as practically to fill up all the intermolecular spaces in the solvent 
aud consequently leave no further room for additional barium sul- 
phate. The conductivity of the barium sulphate solution he attri- 
butes to the barium sulphate breaking up into an enormous number 
of electrons, each having the character istic periodicity of barium 
sulphate, aud these so permeate the solvent that each molecule 
of this is in some way in contact, periodically at least, with such 
particles, so as to maintain an eqnilibrinm relation. In the case of 
hydrolysis ilie complicated periodicity of the salt becomes too 
extended, so that part of the solute loses coherence and the frac- 
tions revert to their simpler, although related, periodicity, each in 
its own condition as if the other were not present. J F. S. 


Automatic Mercury Pump, with Device for Collecting' 
the Aspirated Gases. A, Bkutkll ami P. Obekhofi'er (CJiem. 
M., 1919, 43, 705- TUG). —Tn the mercury pump previously 
described (A., 1911. ii, 105) the authors liave introduced a vessel 
at the base of the tubes for collecting the gases drawn off, which are 
then passed into a measuring burette and an Orsat gas-analysis 
apparatus. The speed of tlic pump lias been increased by allowing 
tile mercury to drop tlirougli two tubes, and the device for prevent- 
ing fracture of the tubes bv the falling mercury has been modified. 

’ W. J. W. 
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Inorganic Chemistry. 


Reaction between Hydrogen and Bromine. J. a. 

Christiansen (reprint from B. 'K . Danske Videmkah ernes SeUkat, 
Math. fys. Medd., 1919, 1, 14). — A theoretical paper in which it ia 
shown from the experiments of Bodenstein and Lind (A., 1907, 
ii, 76) on the formation of hydrogen bromide that the reaction occurs 
as a result of the following changes: Br + Hg^HBr + H (primary 
reaction) and H + Bpg - HBr + Br or H + IIBr — + Br, and conse- 

quently the disscK'iation of hydrogen bromide takes place with the 
reaction Br + HBr = Br 2 -t-H as the primary change, and is followed 
by the same secondary reactions as above. It is also shown that the 
existing exi)erimental data do not exclude the possibility of the 
formation and dissociation of hydrogen iodide according to the 
same scheme. The numerical results of Bodenstein and Lind have 
been used to calculate the critical energy of the process Br + HBr= 
Bro + H and the value 43,700 cal. obtained. The results are gener- 
ally considered, and it is concluded that in respect of the heat of 
dissociation of hydrogen, Langmuir's value, 84,000 cal. (A., 1915, 
ii, 249), is probably not irreconcilable with Bohr’s theoretical value, 
62,000 cal. (A., 1913, ii, 1045). A method of illustrating the above- 
mentioned reaction by means of models of atoms and molecules 
similar to those of Bohr is indicated. J. F. S. 

Periodic Acid and Periodates. Arthur Rosenheim and 

Else Loewentkal {KoVaid. Tieitsch,, 1919, 25, 53 — 60). — The 
periodates of sodium, lithium, ammonium, and guanidine have been 
investigated. Tlie hydrogen-ion concentration of A /20-solutions of 
HJOf,, NaH JOf.,, and KaoIIgTOft was determined by Sorensen’s indi- 
cator method with the object of finding the most suitable indicator 
for use in titrating jxjr iodic acid with sodium hydroxide. The hydro- 
gen-ion concentrations found are respectively 6x10“*, 4'05xl0"^, 
and 6*5 X 10"^®. It is shown that, using methyl -orange as indicator, 
periodic acid can l>e quantitatively converted by titration into 
NaHiIOg, and that using thymol phth a lei n as indicator it is con- 
verted into Na.,H 3 TOg. The solubility of Na 2 H 3 TOg is determined at 
various temperatures, and the following values in grams per 100 
grams of solution obtained: 0*^, 0*104; 25^^, 0*157 ; 40°, 0*187; 100®, 
0*434, Shaking with lOA-sodiurn hydroxide solution converted this 
salt into Na 3 H. 2 lOf;. A number of experiments, designed to ascer- 
tain whether the sodium periodates adsorb sodium hydroxide, were 
carried out' at 17° by shaking periodic acid with a concentrated solu- 
tion of sodium hvdroxide. The experiments show that neither of 
the sodium periodates mentioned exhibit any colloidal profwrties, 
and that these^are the only sodium periodates capable of existence 
in aqueous solution. On the addition of 1 mol. of periodic acid to 
2 mols. lithium hydroxide solution a white precipitate is form 
which immediately dissolves; the solution, on warming, yields a 
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white precipitate consisting of microscopic spherules, which on ana- 
lysis is shown to consist of Li 3 H 2 lOg. The mother liquor on keeping 
deposits small, white, six-sided hipyramids of LioH^IOg. Attempts 
to prepare LilOj andLiglOg, compoundg described by Rammelaberg, 
failed. The two lithium salts were examined as to the power of 
adsorption as in the case of the sodium salts, and it is shown that 
absorption compounds are formed up to the ratio LigO/RO^^S-SS. 
'The two ammonium periodates (NH 4 )oH 3 TO,. and NH 4 IO 4 previ- 
ously described by Rammelsberg {Ann. Phjs, Ghem,, 1868, 134, 
379 ) were obtained, and a further compound, (NH 4 ).jH-(l 06 ) 2 , 2 ^ 1120 , 
was also obtained. The last compound was prepared in rectangular 
crystals by shaking periodic acid with an excess of 25% ammonia at 
140° for several hours. Two guanidine periodates, (CN 3 Hfl) 3 H 2 TOfi 
and (CN*H«) 2 ll 3 l^(n obtained by treating periodic acid with 
ffuanidine. Both substances are very sparingly soluble, white, 
crystalline compounds. The molecular conductivity, boiling point, 
and freezing point of a number of solutions of periodic acid have 
been determined. The conductivity determinations show that 
periodic acid is of medium strength, whilst the boiling-point deter- 
minations indicate that it dissociates into two ions, and the freez- 
ing-point determinations show that a 5% solution is much less dis- 
sociated, and that in a 12 — 20 % solution polymeric periodic acid 
molecules are present. In general, the work shouts that there is a 
decided, if not very far-reaching, analogy between periodic acid 
and the periodates on the one hand and telluric acid and the 
tellurates on the other. J. F. S. 

Flame Reactions of Selenium and Tellurium. Harrv B. 

Weiser and Allen Gariusox (7. PhyAcal Ghem., 1919, 23, 
47 g„ 497 . Compare A., 1914, ii, 317, 398; also Papish, this vol., 
_..The luminescence and t he nature of the deposits produced 
w'lieu selenium and tellurium are introduced into various flames 
have been experimentally examined. The flames used were: air- 
hydrogen, bunsen, hydrogen-air, and chlorine-hydrogen; the effect 
of cathode rays on sulphur, selenium, and tellurium was also 
examined. It is sliown that the reaction from selenium to selenic 
salt produces a blue luminescence, which is the most characteristic 
in flames containing selenium. It is probable that this luminescence 
h due chiefly to the reaction from selenic ion to unionised selenic 
salt. The reaction from tclluriuin to tellurous salt produces a green 
luminescence; and from tellurou.s salt to telluric salt a blue lumin- 
escence. It is probable that, tlie green luminescence is due chiefly 
to the reaction from tellurous ion to the unionised tellurous salt; 
and the blue luminescence from telluric ion to the nndissociat-ed 
telluric salt Under certain condition? a red luminescence occurs in 
flames containing selenium, whicli is, as a rule, less intense than 
the blue luminescence. Since the vapour? of both elements are 
coloured, it is probable that the red coloration in both cases is due 
in part to the colour of the vajxtur?. in part to a purely tlierrnal 
hill; ill escence, and in part itj some stage of the cheniical reaction 
from tile vapour of the element to the quadrivalent ion, A green 
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tip in the flames in air charged with selenium and tellurium com- 
pounds is not a luminescence^ but is due to the green colour of the 
vapour of the dioxide, which appears greener by reflecting the blue 
luminescence just below. J. F. S. 

The Determination of the Rate Solution of Atmospheric 
Nitrogen and Oxygen by Water. II. W. E. Adenet and 

H. G. Becker {Sci. Froc, Eoy. Dublin Soc., 1919, 16, 609 — 628). 

The work previously recorded (compare this vol., ii, 104) has been 
continued with the object of reducing the observations to unit area 
and volume, and has been extended to include oxygen and nitrogen 
as pure gases. The apparatus used has also been modified so as to 
obtain a better temperature control and to eliminate any errors 
arising from the temperature and vapour pressure of the replenish- 
ing gas. A formula is given in each case for oxygen, nitrogen, and 
air, from which it is possible to calculate the rate of solution of the 
gas dealt with for any conditions of area exposed, depth, or degree 
of saturation, provid^ that the water is kept uniformly mixed. 

W. G. 

Triatomic Nitrogen, Nj. Max Trautz (Zeitsch. Elektrochm., 
1919, 25, 297— 300).— A mathematical pa]^r, in which it is shown 
that at all temperatures above that of liquid air the predominating 
constituent of active nitrogen (Strutt, T., 1918, 113, 200) is tri- 
atomic nitrogen, Ng. The concentration of this substance in active 
nitrogen is represented by its partial pressure, O' 002 mm. The heat 
of formation from No and N has a maximum value of 5000 -10,000 
cal. It is therefore, at ordinary temperatures, so much more stable 
than a mixture of N 2 and N that the decomposition N 3 +N = 2K. 
increases because of the relatively large increase in the concentration 
of triatomic nitrogen with falling temperature. In. this fact the 
irre^^ular temperature-coefficient finds its meaning. Since the cool- 
ing 'of active nitrogen by liquid air does not occur instantaneously, 
the triatomic nitrogen "and the trimolecular destruction of active 
nitrogen, at temperatures above that of liquid air, predominate 
over the monatomic nitrogen and its binary comj>ound N. 2 . The 
velocity constant of the third order is of the dimension 10^^ mol/c.c. 
as a maximum, and can be much smaller if the third order reaction 
predominates only at ordinary temperatures. The deactivating of 
active nitrogen with falling temperature may either pass through a 
minimum or it may reach a maximum, k; K — 10^, 'which is in keep- 
ing with the very large inverse of the temperature-coefficient. Where 
the triatomic nitrogen preponderates over the monatomic nitrogen 
at low temperatures above that of liquid air, hexatomic nitrogen 
must of necessity be formed in the mixture, in quantities which are 
very small compared with the triatomic nitrogen. The small heat ot 
formation of triatomic nitrogen wliich is deducible from the very 

large reaction velocity and is in keeping with the ineffectual attempts 

to prepare it pure, indicates that it is im|>ossible to prepare tins 
substance pure by thermal methods alone. For on cooling it reac 
with monatomic nitrogen to form diatomic nitrogen, and on war 
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ing it decomposes into monatomic nitroe-en i, 1 • 

It 13 extremely probable that triatomi? nitrolr^**"®’'' “‘trogen. 

molecule, and that similar triatomic molecuTe^nf 

bromine, and iodine can also exist, whillra sL ! 

cule cannot exist. The open-chain hydrogen mole- 

is indicated by the nitrid? %rmation nitrogen 

formation. T^e triatomic ox?^n will be an 

years Ago. 

259-261 ; from Chem. lentr., 1919 ii nn 
duced to show that Hennig Brand is the 

phorus, and that the rapid spread nf i of phos- 

of preparation is due to Leibniz The of the method 

Thr application of phosphorus to K 

at first by its high prici The latW irro was hindered 

tandred Jears lafer,"when phc:pho^ Ta ^ 

by P. Gahn and Scheele. The first nhncr^i^ from bone ash 

Turin candles, were intrXed Int^ 'Batches, the so-called 

eighteenth century. At the betrinnint. ^^® ®°*^ 

first phosphorus-sulphur matches we^e 

the actual production of i>hosnhorn« i j 

1833. Johann Kunckel's claim of the 

phosphorus is unfounded, and was disputed W Leibnfz. 

Separation by Solidification of Pure Ca,.x«., T^• -s. 

from a Gaseous Mixture. V CRf'vrprt Dioxide 

rm!., 1919, 169, 654-6.5.5) Carbon Hinv 4* 

a pure, solid state from a gaseous obtained in 

by allowing the compressed uas Iri ovr. a ^ 8^® either 

oLe through a cl'orh Tag' hito thr'afr 'bv ' ^''"^1" 

mixture slightly in a vessel cooled to -80° ^^ThrE'“® 
dio.vide IS, in either case fres fr^n. j- ^ ' ■^"® ®® carbon 

uite i. prH««l I, Ik, „S,„f “ Tij'V'" 

•KEtr Ji;2S.rw.Y.S”T" ■” 

Prideaux (T., 1919, 116. 1223—^230) 

sats;? «' x;S'' 

absorption ninetto *^® mercury pump; (2) an 

la iotroduKto ^ 7 "I'^orbing liquid or sobtion to 

'''»*» again with^t lof^of nf ‘"■®' ®®''®“^y- to be with- 
S ithout loss of gas ; (.9) an apparatus for solubility deter- 
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minations, in wtich neither the liquid nor its vapour comes into 
contact with taps, and (4) a burette in which the gas can be expelled 
from solution, and which allows of a definite amount of liquid being 
introduced into the solubility apparatus. The original should be 
consulted for details and dimensions of the apparatus. The helimn 
used in the experiments was obtaine(j|by heating clevite at 1000° 
in a porcelain tube, and the product purified in the usual way. 
The following solubilities (j3) in water were obtained: 0“^, 0*00967 ■ 
10^ 0-00991 ; 20^, 0*00996; 30°, 0-01007 ; 40°, 0-01029; 50°, O'OlOs! 
These figures are about 40% smaller than the values found by 
Estreicher (A., 1900, ii, 205). Argon, krypton, and xenon were 
separated by a method similar to that of Ramsay and Moore (T.. 
1908, 93, 2181). The following solubility values in water were 
obtained: Neon, 0^ 0-0114; 10°, 0-0118; 20°, 0 0147; 30° 0*0155- 
40° 0-0217; 50°, 0*0322. Krypton, 0° 0*1095; 10°, 0*0807; 20° 
0*0626; 30°, 0*0511; 40°, 6*0433; 50° 0*0383; 60°, 0-0357’ 
Xenon, 0° 0*2200; 10°, 0*1580; 20°, 0*1109; 30°, 0*0893; 40°, 
0‘0745; 45*45°, 0*0663. In pentane, xenon has the following absorp- 
tion coefficients: 1l*7°, 0*1686; 20°, 0*1335; 25°, 0*1272; 30° 
0*1009; 40°, 0*0949; 49*5°, 0*1084; in aniline, the mlnbilities per 
gram are: 10° 0*6687; 20° 0*5006; 30°, 0*4426; 40° 0*4336; ,50° 
0*3892. The solubility of the inert gases in water increases with 
the molecular weight, and in the case of the heavier gases, niton, 
xenon, krypton, and argon, decreases with increasing temperature. 
The solubility of helium is ])racti rally independent of temperature, 
whilst that of neon increases rapidly with increasing temperature. 

T. F. 8. 

Solubility of Calcite in Sea water in Contact with the 
Atmosphere and its Variation with Temperature. Rocer 
C. Wells (Carnerjie T/fst. Puhlirnflojt, 1918. No. 213 [Papers from 
Dept, Marine Biolapp, 9. ,316 31 8).- -Certain equilibria, the 

attainment of which would be expected from experiments in the 
laboratory, do not seem to he fully attained under natural condi- 
tions in the ocean. The equilibria referred to involve the effect of 
temperature on the exchange of carbon dioxide between sea- water 
and the atmosphere and the precipitation or solution, as the case 
may be, of various solid constituents from or into sea-water. 
Ap'pareiltly the adjustments occur so slowly, and the bulk of the 
ocean is so great, with reference to the surface exposed to the atmo- 
sphere. that the expected variations wdth temperature do not appear 
in the water of the open ocean. Sea-water in contact with an 
excess of calcite was agitated by a current of outdoor air for forty 
days, and the dissolved carbonates were estimated at intervals hv 
titration with 0*02.V-sodinm hvdrogen sulphate, using methvl- 
orange as all indicator. Experiments were made at 1° and at the 
ordinary temperature (25° to 29°). The colder sea-water tended to 
retain more carbonate in solution than warmer sea-water, but dm 
not dissolve fresh calcite. Ordinary sea -water appears to rontaiu 
so much carbonate that- in (*011 tact wit-li the atmosphere at 1 1 
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iieither has uor acquires an appreciable solvent action on caloite 
At higher temperatures, It undergoes a slow diminution °n ite cot 
tent of carbonates on being agitated in contact with outdoor ai? 

Chemical Abstracts. 

Gravitational Attraction and Uranium . 

Bull (6V^»ce, 1919, 50 , 69^.70).-No one has ttistectott ex- 
plain^d the discrepancies between the atomic weight of ordinary 
lead and that of lead from uranium minerals. It if suggested that 
a difference may exist in their behaviour towards the foL of 
gravitation. Deviations in the value of gravitational acceleration 
might be proportional to variations in their atomic weight wh A 
would make the atomic mass of all kinds of lead ldpufd.ol ’a 
iug,, finally, that the gravitational att^lmrls't lo-ele^rZ' 
vanatious iii atomic weight miaht he ascrih^rl + electrons, 

set np in the atom /radioa^tle^ififtg^tn du^^^ 

dimimshing m the end-prodnet of the series giaauaiiy 

Chemical Abstracts. 

^ -rif Potassium and Sodium Doqble 
Salts of Lead Tetrafluonde as Sources of Fluor^e 

George L. Clark {j . Amer. Vhem. A'oe., 1919 41 1477_i4qli_ 

t dnnht^'salt" f of preparatiin and propertie 'of 

t.h double salts formed by lead tetraliuoride with sodium and 
potassium fluoride respectively, with the object of finding a suitable 
subsUnoe for the preparation of fluorine. Tripotassivm had 
hjdrocjcn octafluondc, 3I^,HP,Pbr„ is prepared by adding 
potassium pl^bate in small quantities to a concentrated aqS 
solution ot hydrofluoric acid until a separat.ou of lead dIoSde 
occurs. The solution is filtered through piper supported by several 
layers of ciotfi. and the filtrate evaporated slowly in lead dishes 
on a sand-bath m a gentle current of air until a separation of 
of this salt has been determined in 
ablLf 7 potassium fluoride. In the 

_occurs, with the separation of lead 

exoelled and^at leated at 200°, the hydrogen fluoride molecule is 
expelled, aud at temperatures above 250° fluorine is driven off. 
/otas.s-um, phmlutc, K,Pb03,3H,0, is best prepared by mixing 
hree molecules of potassium hydroxide with 20% of its weight of 
f^rfe^Porature to 100°, and adding oue molecule of 

plumbate is formed 

wfihnut decomposition jiroducts. Tliis salt is regarded as the 
Vtassim salt of orthoplumbic acid, K;Pb(OH)e, and, on tre;Lt- 
t with water, hydrolyses according to the equations 

IlPWOHi + = 2KOH + H,Pb(OII)e, 

the b presence of 20% of water 

dBitate7^7r proceeds so far that hydrated lead dioxide is pre- 
Z addilie.'^T “r ' 2^'aF.PhF,, is prepared by 

Crvstall;7- plumbate to aqueous hydrofluoric acid, and 

0^ um R hydrofluoric acid to separate 

in hydrogen fluoride. The crystajs occur in stout, short plates 
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which are hydrolysed by water. The solubility has been deteriniue^i 
in water containing hydrofluoric acid and sodium fluoride, and is 
shown to decrease with increasing concentration of hydrogen 
fluoride until sodium hydrogen fluoride is formed, and then it 
increases in solubility with an increase in the concentration of 
hydrogen fluoride. This salt liberates fluorine at 250*^. Sodiuja 
plrnnhate, Na 2 Pb 03 , 6 HoO, is prepared by mixing 150 grams of 
sodium hydroxide with 50 c.c. of water at 100'^, adding lead dioxide 
until a paste is formed, then adding 25 c.c. of water and lead 
dioxide to make a total quantity of 300 grams of the latter sub- 
stance. This salt is much less stable and more easily hydrolysed 
than the potassium salt. The analysis of the double fluorides ia 
effected in the following manner. The salt is dissolved in water 
when hydrolysis occurs, thus: 2(3KF,HF,PbF4) + 4H20 = 6Kpf 
10HF + 2 PbO 2 ; the lead dioxide is filtered off in an alundum 
crucible, dried at 105°, and weighed. The filtrate is made up to a 
known volume; in one portion, the free acid is estimated by titra- 
tion, and in another the potassium fluoride is estimated by evapor- 
ation to dryness and ignition at 500°. The two double fluorides 
are considered as sources of fluorine. The potassium salt is more 
easily prepared and is more stable than the sodium salt, and, weight 
for weight of materials used, the potassium salt is twice as efi&cient 
as the sodium salt. J. p, 

Colloidal Tricalcium Aluminate. A. J, Phillips {J. Amr. 
Ceram. Soc., 1919, 2, 708 — 742). — Pure amorphous, calcined, and 
finely ground tricalcium aluminate forms a true colloidal sol in 
water, an insignificant proportion of the substance entering into 
true solution. The crystalline form appears to be highly poly- 
meriaed, and in contact with water behaves like a colloid, hut if 
suspension is incomplete, the residue may consist of hydrated 
crystals. A more concentrated suspension is obtained by using 
lime-water instead of pure water, and the product does not diffuse 
or dialyse, shows the Tyndall cone, is positively charged, is not 
coagulated by heat, but is coagulated by freezing, has a high 
adsorptive power, and generally resembles the well ‘known sols of 
ferric, aluminium, and chromic oxides. It does not form a gel on 
evaporation or by dehydration over sulphuric acid, the product in 
each case being a loose powder. The lime: alumina ratio in the 
filtered suspensions never corresponded with 3CaO,ALO;{, lime 
always being deficient, but to an irregular extent, varying with the 
time, from 1 : r096. after three hours to 1 : 1’519 after twenty-eight 
d»s. The deficiency in the lime is attributed to the free lime being 
adsorbed by the colloidal aluminate. 

The colloidal aluminate is an anhydride which, by capillary 
attraction, endosmose and molecular imbibition, swells, forming an 
emulsoid. On the first addition of water to the aluminate, there is 
a development of heat — due to the formation of an exothermic 
hydrate. The aluminate is more soluble in cold than in hot water, 
so that if it is first exposed to moist air and then mixed with water, 
the conditions favour a great concentration of aluminate in true 
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solution this being accompanied by an endothermic change There 

moist air When ttere^J n^tlnfcon^XS^ to 

b, „ .b.„„i«. “n™. issi 

gel only changes the composition of the outer surface 
activity is confined to the surface, except when the film k rupW 
and IS a characteristic adsorption effect ^upturea, 

A greater dispersion of aluminate occurs in lime-water than in 
pure water as the calaum ions of the calcium hydrate are adsorbed 
more than the hydroxyl ions by the hydrated aluminate, and when 
a sufficient number of ions has been adsorbed, their charges and 

Any water adsorbed is compressed in the process, any salts in 
solution being similarly compressed, and their solubility isincrfased 

As the aluminate can only adsorb a limited amount of iti^ns' 
when the concentration of the anions is sufficiently increased the 
positive charges on the aluminate will be neutralised by the 
adsorption of the anions because of their increased concentration 
and uncharged aluminate is precipitated. The adsorbing sur“s 
decreased, and the ions previously held by adsorption arVret^ed 
to the solution and exerci.se a dispersive eHect on undispersed 
material Hence the concentration of negative ions is 
increased. much weaker solution of sodium hydroidde® shows 
the same precipitating effect. ^ 

When a smaller amount of water is used, as in preparing cement 
pastes, the aluminate is converted into a colloidal gel which persists 
f r at least twenty-four hours. On continuing tie mixhig^of he 
a uminate and water for several minutes, a 'considerable retard 
atioii occurred in the lime of setting, but by increasing the per- 
cen age 0 hydrate, so that the total ion-concentration exceeded the 

water' a7d”?b“ "’"‘Shts of the aluminate and 

fD 1 oit ^ adding a volume of hydrochloric acid 

L ■ ^ *■“ °f the water, continuing the stirring and 

kelSnf soon^solidifies, and,. on 

to a ote’ ^ ■'asis occurs, an afpieous layer separates, and solidifies 
to a clear gel containing both alumina and lime. 

the amount“nrt^'''** -™ Ruminate gel is thus affected by 

neutraT » ‘ effected, the syiioresis of the gel, the 

and the fd “/■ adsorbed calcium ions by hydrolyl ions, 

1919 TonT [See also"^ j! sJchem. 

^ A. B. S. 
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Role of Water of Crystallisation and the Structure oi 
Alums. Clemens Schaefer and Martha Schubert (Ann. Physik . 
1919, [iv], 59, 583 — 588). — Polemical. It is shown that the crystal 
model of alum put forward by Vegard and Schjelderup is not 
correct (A., 1918, ii, 156). It is maintained that the role allotted 
to the water of crystallisation in the crystalline structure of alums 
by Vegard was put forward by the present authors two years 
previously (A., 1916, ii, 505). The authors therefore claim 
priority in this matter. j. j' g 

Amalgams. II. Colloidal Gold Amalgam. C. Paal and 

Hermann Steyer (Kolloid Zeiisch., 1919, 26, 21—26. Compare 
this vol., ii, 69). — The gold amalgam sol previously described on 
keeping, is oxidised to some extent by atmospheric airj this partly 
oxidised sol has a somewhat browner solution than the sol when 
freshly prepared, but may be brought back to its original colour 
by the addition of a few drops of hydrazine hydrate solution. A 
small quantity of the sol was kept in solution for twenty-two weeks 
with the object of determining its stability. It was found that 
the colour became more fiery-red and that a heavy, grey gel 
separated. The remaining solid was dried in a vacuum and gave 
a blackish-violet substance, which was in the form of lamellse with 
a bronze tinge; it was completely soluble in water, and had the 
composition AuIIg^,.,.^. The gel contained 5-32% of lyaalbic add, 
which was used as a protecting colloid, and had the composition 
AuHg^.f,. The gel was non-reversible on warming with either 
sodium hydroxide or ammonia solution. A number of other experi- 
menls are described on the stability of the colloid. J. F. S. 


Mineralogical Chemistry. 


A Lead grey I Fibrous Mineral from Binn, Switzerland. 

R. H. Solly. With a chemical analysis by G. T. Prior (Uin. 
Ma<j., 1919, 18, 360 — 362). — Fine, acicular crystals associated with 
seligmannite, and sometimes grouped as triangular lattices in 
cavities of the dolomite, resemble in their cleavage, colour, and 
chocolate -col on red streak the several thioarsenites of lead 
(liveingite, rathite, baumhauerite, and dufrenoysite) found at this 
locality. Goniometric measurements in the prism-zone, the only 
one developed, accord more closely with the angles of dufrenaysite, 
whilst the analysis corresponds with rathite, 3PbS,2Sb2S.v 
presence ofihariiiim is of interest (compare A., 1918, ii, 323). 

Pb. Ag. Cu. Tl. Fe. As. Sb. S. Insol. Total' Pf. 

5M1 0-76 OdO 0’23 0-21 23-37 0-74 23-22 0-24 99*98 H53 

L. J. S. 
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Semseyite from Dumfriesshire Ci r tr o. 

With a chemical analysis by G. T Vftmn 

18. 364-359).-Speoi4n3 of ore from Ze Iw*”' 

mine at Glendinning in Eskdale show small °5 ^“‘:'™°“y-lead 

lining of minute, irL-blaek crystairof a t JoTn r'* 

The associated minerals are stiLite valentimft 
blende, and pyrites. The crystals are raonocHni 
(ff:6:c-lG356:l:l‘0218,/8 = 74°14/Uom?Xf constants 

previously determined for pladonite and ‘^i^^erent from those 
fag analysis of the drus/ hC: 

massive material, agree with the semseyite formula 9PbS48b^^ 
Pb. Sb. 8. Pe, Zn. CaCO.. MgCO,. Insol’ To at splf 


* — — - * V. ^u, 

52-37 25*49 18-81 0-07 trace 


1-66 trace OSl 


99-81 5-84 

L. J. S. 


0 . a. 

Ferrazite, a New Associate of the Diflmnr„i rp „ t 

and Luiz Flores de Moeaes (,4mcr ,7 iqi’q r^' ^o* 

353-36 4).— Some dark yellowish-white pebbles ("falas ”1 fjom 
Brazilian diamond deposits eave the fnllnunr, ^ u ^ from the 
After deducting silica and alumina as it-f 

formula i.s SfPb.BalO.PjO,, 811,0. Thin sections iind^r'' th^micro 
scope show a grai.nlar striicture T) 3 0— 3-3 • micro- 

j's rs H.?. 

bSrSfcSif M^Surn'IlS-A -d 

steel-furnace Slags. A. K muTMov^n fir ' 

' if steebfurnace slags consi^tiua mainly of FeO 
MnO, and SiO, yield the .dlioates fayal'ite and rhodonite; but wbe^n 
the amount of lime exceeds alwiit 8% the new silicate vor/tiie seoa- 
rates as long, blade-like crystals. The composition of the^ Lfvmi 
under I, agreeing approximately with (Pe.Ca.Mn MulSiO ^ II 

gives the composition of the sla^^. The^ crvstak ,,7 h • 
fr?7-r-1-nQ'? .1 .n-7oa nAS.>-^ cr)staJ 6 , are anorthic, 

«, G. c_i uy.3 : 1 :u /jy a — 09"3( 3-90=‘''V m — , -iv ’ 

ZL] I / = optically negative. The 

II._....... 47.9 1-72 1.2 .00.8U 108 ISO 3.89 Us m 

' gitelA '*191 r r 'sVQf"''V’ '■'1'^' from pyroxinan- 

§ (A., 1913, II, 869) and sol-ralite (this vol.. ii, 1G5). L. J. g. 

fl<*i?i?Vo .G. Cesaro (ifir. Min. Crist., 

are i oompositions of borosiiicate minerals 

Won it w’ ^"‘1 ’■* Gie function of 

™ 13 best ex]>laine(i a.s that of : 


''^1-. CXVI. 


sm acid. Datolite is accordingly 

21 
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an acid metasilicate of calcium, with some silicon replaced by 
'' (B 2 O)/' Homilite is similar, containing also iron, Euclase corre- 
sponds with datoHte with aluminium instead of boron, and glucinuin 
instead of calcium. A table is given showing the existence in 
minerals of acids of boron corresponding with each of those of 
silicon. Axinite is a combination of di-ortho- and meta-silicates, or 
a basic triple metasilicate, with B 2 O -replacements. Tourmaline is an 
orthosilicate with part of the silicon replaced by BgO. Danburite is 
a neutral tricalcium metasilicoborate. Howlite is an orthosilicate 
with replacement. In addition to these, the natural borates can bt 
expressed by structural formulje. The possible constituents of boror 
acids are discussed. Chemical Abstracts, 


Analytical Chexaistry. 


Tincture of Muscari as an Indicator. E. Dufilho {Bull 
Soc. Fkarm.f BordeatiXy 1918 , 4, 202 ; from Ann, Chim, anal.y 1919 , 
[ii], 1, 325 — 326 ). —An alcoholic extract of muscari flowers (grape- 
hyacinth) may be used as an indicator in acidimetry, the colour 
change being from red in acid solution to green in alkaline solution. 
It behaves like litmus in the case of mineral acids, oxalic and ‘ 
alkalis and ammonia, and like methyl-orange with phosphoric aid; 
it is not affected by boric acid except in the presence of glycero;. 

W. P. S. 

Coloured Indicator Papers. I. M. Kolthoff {Pharm. 
hkid^ 1919, 56, 175—187). — An examination of the sensitiveness of 
indicator papers with reference to the quality of the paper itself and 
its pre-treatment with acid, alkali, or aluminium hydroxide; tk 
nature of the colouring matter used, and its concentration on tk 
paper. Sized papers are less sensitive than unsized, although tk 
reaction on the former is sharper. Otherwise the kind of paper 
used, and any previous treatment it may have had, are of little 
importance. The most sensitive Congo paper was obtained by treat- 
ing filter paper with a 0*1% solution of the dye. This indicated an 
acidity of O OOOLV -hydrochloric acid. The most sensitive paper for 
strong acids and bases is prepared from a 0T% solution of azo- 
litmin. W. S. M. 

Titration of Acids by the Conductivity Method. P. A. 

Meerburg {Chem. Weekblad, 1919, 16, 1338 — 1347).— In Ij® 
titration of various acids with alkalis the author has determined tk 
neutralisation point by a conductivity method. If a graph n 
plotted in which the abscissae are represented bv c.c. of O'fidiT-sodiuiE 
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hydroxide and the ordinates by the values (1000-n)/«, the neutral- 
lation point will be indicated by a definite bend in the curve. 
\\ith a strong acid and base this bend will be sharp, but it will be 
obtuse in the case of a weak acid and strong base. With acids and 

tet h recite the neutralisation 

“L’analyse des 

Pi>y^“-ctimique,” 54), but if hydrolysable salts 
are formed the curve becomes continuou.s and the neutralisation 
point IS masked. In titrating a mixture of two acids having wiLly 
diffenng degrees of ionisation for example, hydrochloric a^cid and 

’’lT?s’indtcateH''h hydrochloric acid takes place first 

and IS indicated by the lowest portion of the curve, a sharp bend 
then denoting the neutralisation of the phenol. When the acids 
have the same ionising power, the method fails, as the lowest point 
enhtinaHei^”" “™ftely determined. Accurate rLlts 
' d w!.V T^f * proportions of the stronger 

1 the aiithop^f ti ^ f when the proportions were 
5;1 the author found the results too low for the strong acid and 

too high for the weaker one. Tables and curves are given for various 
.“!•« of tw *'yf^“^Woric acid, oxalic acid, lactic" acid, and mix- 
tures of these. The method is suitable for the estimation of small 
amounts of acidity, as, for example, in chyle. W. J. W. 


The Amalgarnated Copper Cathode in Electro-analysis. 

Jose Aleman y y Selfa Fis. Quim., 1919 17 174 1881 

The advantages in the use of mercury as cathode material in the 
electrolytic precipitation of metals are neutralised to some extent 
by the difficulties of manipulation. These difficulties are obviated 
by the use of the amalgamated electrode described. The cathode is 
of copper gauze, 5'_5 x 11 cm. On this is deposited about 1 gram of 
silver by electrolysis in alkaline silver cyanide solution. The cathode 
n then amalgamated by electrolysis in mercurous nitrate solution 
untd 0'8--T5 gram of mercury has been deixisited. It is then 
washed with water, alcohol, and ether. In combination with this 
cathode a rotating anode of platinum or of iron is employed. The 
temperature of electrolysis must not exceed 45°. A detailed account 
of the following electrolytic estimations is given: zinc in alkaline, 
ao.momacal, and neutral solution in presence of nitrate; zinc in 
sulphuric acid solution; cadmium in ammoiiiacal solution in pres- 
mce of nitrate; cadmium in sulphuric acid and in neutral solution, 
in all cases the results obtained were excellent. W. S. M. 


Graphic ^presentation of the Chemical Composition 
1 Wwural Waters. Enrique IIerrero Duoloux (Anal Fis 
itl" 1 f77-483).-The analytical results are graphically 

11 ! * regular hexagon of reference. Tlie 

iiioums ot the six commonly occurring cations, W'l Ca^^, 

aul r A’ measured of! in an invariable order along the six 

and fh centre of the hexagon through the vertices 

SO V are joined. The six anions, 


SO It marKed on are joined. Tlie six 

, HCO/, Cl', NO3', HS', are similarly treated. 


The chemical 
21--2 
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composition of the water is completely represented by the two irre- 
gular hexagonal figures so formed. W. S, M. 

Chemical Analysis with Membrane Filters. Richard 
Zsigmondy and Gerhart Jander {Zeitsch. anal. Ghim., 1919, 58, 
241 — 280).— The membrane filters described by Zsigmondy and 
Bachmanii (A., 1918, ii, 307) may be used generally in analysis; 
the filtration is rapid, the precipitate is washed readily, and very 
fine crystalline or colloidal precipitates are retained completely by 
the filters. The membrane is mounted for use in the apparatus 
(flanged funnel, perforated disc and ring) described previously by- 
Zsigmondy (A,, 1913, ii, 857). W. P. S. 

Estimation of Small Quantities of Alkali Iodides in the 
Presence of Bromides and Nitrites , Ed. L.^sausse (J. Pharm. 
Ghini., 1919, [vii], 20, 177— 181).— The nitrite is oxidised by potass- 
ium permanganate in phosphoric acid solution at 40^; sodium hydro- 
gen sulphite is then added to reduce clilorates and bromates, and the 
solution is boiled with the addition of potassium hydroxide and 
potassium permanganate; the iodide is thus converted into iodate, 
whilst the chloride and bromide are not affected . The iodate is then 
determined iodoinetricallv. [See, further, J. Sac. Ohem. hid.., 1919, 
899a.] '' W. P. S. 

Estimation of Iodine in Cuprous Iodide. Ed. Lasausse 
(/. Pharm, Chim., 1919, [vii], 20, 181 — 183). — Two methods are 
described. In the first, the cuprous iodide is decomposed with 
ferric chloride solution, the liberated iodine dissolved in carbon 
disulphide, and the solution separated and titrated. In the second 
method, the cuprous iodide is boiled with potassium hydroxide 
solution, and the resulting potassium iodide estimated in the solu' 
tion by oxidation to iodate by means of potassium permanganate 
in alkaline solution, as described in the preceding abstract. [See, 
further, -7. iSoc. Chem. Ind., 1919, 899a.] W. P. S. , 

Modified Benedict Method for the Estimation of Sulphur 
in Feeds, Faces, and Foods, J. 0. Halverson (/, Amer. Chem. 
Scc.y 1919, 41, 1494— 1503).- -The following modified Benedict 
method for the estimation of sulphur in foods and faeces is 
described. About 3*44 grams of fsces or 2*7476 grams of cattip 
food are rolled u]) in half a filter paper and placed in a 300 c.c. 
Kjeldahl flask. Ten to fifteen c.c. of hot water are added, and the 
flask heated on a steam-bath with slight shaking, 20 c.c. of a mix- 
ture of concentrated and fuming nitric acid (1:4) are added, the 
flask stoppered with a small funnel, and kept for twelve hours. 
It is then placed on a steam-bath and digested for four days with 
occasional shaking. At the end of that time, a further 10 ^ 

the acid mixture are added, and the digestion continued imti e 
solution is clear, when it is transferred in portions to a c, . 
evaporating basin and treated with 20 c.c. of the Benedict reagen 
during evaporation to complete dryness on the steam-batn. 
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hen slowly baked on a sand-bath. The blackened residue is 
leated until it fuses, and then the temperature is lowered so that 
t solidifies slowly. About 20 c.c. of (1:4) hydrochloric acid are 
idded, and the mixture heated for fifteen minutes on the steam- 
bath. The clear solution is then filtered into a 250 c.c. beaker, 
made up to 100 c.c. with water, heated to boiling, and treated 
^ith 10 c.c. of boiling 5% barium chloride solution from a dropper; 
the addition should take four minutes. The precipitate is digested 
for two to three hours on a hot plate, and then kept cold for forty- 
eiuht hours and filtered. It is shown that when silica is present, 
the peroxide method has a tendency to give higli results. When 
the silica is removed, the results agree with those of the Benedict 
method to the third decimal place. J, F. S. 

Gravimetric Estimation of Sulphate as Barium Sulphate. 

I, M. Kolthoff and E. H. Vogelenzang {Vharm, Weekhhd^ 
1919 56, 122 — 142 ). — A detailed investigation into the sources of 
error in the estimation of sulphate as barium sulphate. The solu- 
bility of barium sulphate is increased by the addition of acids or of 
salts except in the case where barium ion or sulphate ion is sup- 
plied. Samples of barium sulphate prcparefi in various ways show 
differences in solubility depending chiefly on the size of the 
particles. The solubility in water at ordinary temperatures is 
negligible- The solubility figures obtained in hydrochloric acid 
solution for acid concentrations A/1. A/ 2, A/ 10 are, respectively, 

54 31 and 11 mg. per litre. At 90°, the solubilities in A/1-, 
A/ 2-, and A/ 20 -acid were 416, 265, and 77 mg. per litre 
respectively. 

In the estimation, rediictioji of barium sulphate during ignition 
of the dry precipitate and filter was found to take place to a slight 
extent in a porcelain crucible, and to a considerable extent in 
platinum. This can be avoided by ignition of the moist filter. 
Simultaneous precipitation of other salts with barium sulphate is 
caused by: (1) ^‘conglomerate formation’’; (2) solid solution; 
(3) adsorption ; (4) mixed crystals; (5) mechanical inclusion; 

( 6 ) chemical reaction. With regard to (2) and (3), experiments 
showed that in acid solution barium sulphate did not absorb 
electrolytes; ( 4 ) is an improbable case, as tlie commonly occurring 
salts in the precipitation belong to a different crystallographic 
group. Impurities in the barium snlpjiate are accounted for chiefly 
by the reactions between the ion and the intermediate ions of 
other salts (ternary electrolytes) present. Excess of banum 
chloride, for example, gives rise to the formation of BaCl . which 
reacts thus: 804 -^ 213301 ' “BaoCl)S 04 . The error in this^case is 
in excess. Potassium sulphate gives KS 04 b which with Ba 
2KS0/-hBa"~-^BaKo(SO4).>. giving an error in defect (Bichards 
and Parker, A., 1895, ii, 370). The occlusion of barium chloride 
can be avoided to some extent by precipitation iji dilute solutions 
and at as high a temperature as possible, conditions unfavourable 
to the formation of complex Ions. The assertion of Allen amt 
dohuston (A., 1910, ii, G50) that BaXlSO^ can l>e freed from 
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chlorine by ignition could not be confirmed, as the presence of 
chloride was proved in all cases after fusion of the precipitate with 
carbonate. Similarly, the statement of Pregl (‘‘Die quantitative 
organische Mikroanalyse/' 1917, p. 29) that occluded barium 
chloride can be washed out after ignition of the precipitate, could 
not be confirmed. The authors recommend resulte to be corrected 
for the presence of chloride hy fusion of the precipitate with sodium 
carbonate and estimation of the chlorine. The presence of nitrate 
gives rise to a greater error than chloride. Errors due to the 
occlusion of calcium, iron, and potassium are chiefly to be ascribed 
to the formation of complex ions. Phosphate is precipitated as 
barium phosphate along with the sulphate. The authors are of 
opinion that it is impossible to give general directions for the 
accurate estimation of sulphate in solutions. W, S. M. 

Estunation of Sulphate as Strontium Sulphate, I. m. 

Kolthoff and E. H. Vogelf.nz.\ng (Pharm. Weekhlad, 1919, 56, 
159— 161).— Following on their work on the precipitation of 
sulphates as barium sulphate (see preceding abstract), the authors 
have investigated the estimation of sulphate as strontium sulphate. 
Preliminary solubility determinations showed that strontium 
sulphate is practically insoluble in 50% ethyl alcohol. The sulphate 
is precipitated in the cold by 10% strontium chloride solution. An 
equal volume of 96% ethyl alcohol is added, and, after settling at 
the ordinarv temperature, the precipitate is collected and washed 
with 50% afcohol. The moist filter is burned and ignited. Estim- 
ations were carried out in neutral solutions and in presence of 
hydrochloric acid, sodium acetate, ammonium chloride and nitrate, 
potassium chloride, sodium chloride and nitrate. Considerable 
errors in defect w'ere observed. To eliminate the simultaneous pre- 
cipitation of iron salts, sugar, glycerol, lactic and oxalic acids were 
added. These rendered filtration difficult without improving the 
results. The authors conclude that, in general, accurate results 
are not to be expected from this method. W. S. M. 

Modifications of Pearce’s Method for Arsenic. Johk 
Waddell (./. Ind. Pnr/. Chem., 1919, 11, 939 — 941).— The follow- 
ing alterations are made in Bennett's and Canby’s modifications of 
Pearce's method (A., 1899, ii, 519) in order to render them trust- 
worthy. In Bennett's method, nitric acid should be added to 
neutralise any large excess of alkali in the solution, the latter then 
rendered slightly alkaline with sodium hydroxide, and acidified 
very slightly wiih acetic acid before the arsenic is precipitated as 
silver arsenate. Canbv’s method is modified in a similar way, 
except that in place of acetic acid, nitric acid is added in slight 
excess, and, after the addition of silver nitrate, this excess is 
neutralised hy zinc oxide. W. P. S, 

Reaction between Arsenions Oxide and Iodine. I. M. 

Kolthofp (Pharm, Weekhlad, 1919, 66, 621 — 634), — The reaction 
A&p. -f 2 I 2 + 2 H 2 O ^ A 820 .-y 4 HI is studied with reference tn the 
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limitB of hydrogen-ion concentration within which a definite end- 
point is obtain^. The hydrogen-ion concentration is determined 
colorimetrically by means of various indicators. In the titration of 
3^/10- and iV/lOO-arsenions oxide solutions with iodine, the final 
acidity must lie between and mol. hydrogen ion per 

litre. In the titration of 3^/10- and NjlOO-iodine solutions with 
arsenious oxide solution, the initial limits are 10“^'^ and 10-5-5^ and 
the final 10“*'® and The purity of the arsenious oxide used 

is best estimated by measurement of the conductivity of a saturated 
solution. The commonly occurring impurity is arsenic oxide, which 
may be estimated by means of the reaction of the solution with 
dimethyl-yellow and methyl-red. Neutral or weakly acid solutions 
of arsenious oxide are stable, and may be kept indefinitely without 
change of titre. In alkaline solutions, oxidation of arsenious to 
arsenic oxid^ takes place. W. S. M. 

Method tor Estimation oi Carbon by Wet Combustion, 
using Barium Hydroxide as Absorbent. P. L. Hirrard 

{J, Ind. Eng. Chem., 1919, 11, 941 — 943). — A convenient method 
of procedure and apparatus for use in the method are described. 
The substance is oxicJised by heating in a flask with chromic acid 
and sulphuric acid, and the resulting carbon dioxide is carried by 
a current of air into an excess of standard barium hydroxide solu- 
tion; at the end of the operation, the excess of barium hydroxide is 
titrated with hydrochloric acid, using phenolphthalein as indicator. 
The air used is first passed through a soda-lime tube; after leaving 
the oxidation flask, the air carrying the carbon dioxide, etc., passes 
through a condensing tube, a tube filled with beads moistened with 
sulphuric acid, and a tube filled with amalgamated granulated zinc, 
before it enters the barium hydroxide poliition ; the latter is con- 
tained in an inclined flask, into which extends the lower end of a 
Meyer bulb tube. W. P. S. 

Microcbemical Ideutiflcatiou of Lead. 0. Dbnig^s {Bull, 
Sot, Pharm., Bordeaux; from J. Phnrm. Chim., 1919, [vii], 20, 
159—160). — Soluble lead salts yield characteristic crystals of lead 
iodide when treated with a drop of potassium bromide solution and 
a drop of potassium iodide solution, With insoluble lead salts, the 
addition of a drop of sulphuric acid is necessary. Lead chromate, 
cyanide, and fluoride should be evaporated with hydrochloric acid, 
and metallic lead and lead sulpliide with nitric acid, before the test 
is applied. ’ W. P, S. 

Titrimetric Estimation of Lead. Paul HoLMsEN^Tfds^r. Kemi 
Ter., 1919, 10, 110 -llS).— A solution, not exceeding 
100 c.c., containing 0-5 — O’l gram of lead, neutralised with 
ammonia, is acidified with 15 c.c. of acetic acid, 10 grams of 
arnmonium acetate added, and the liquid warmed to 70 — 80°. The 
lead is precipitated by slowly adding 10 c.c. of ammonium molyb- 
date solution, with constant stirring, warming for fifteen minutes, 
setting aside for thirty minutes, filtering, and washing with hot 
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water. The precipitate is treated with 50 c.c. of dilute sulphuric 
acid and hot water, 10 grams of pure zinc added, and boiled for 
ten minutes, filtered, washed with hot water, and the molybdenum 
in the filtrate titrated with O'liV-permanganate. One c.c. of 
O'lil^'permanganate is equivalent to 0 007296 gram of lead. 

Chemical Abstracts. 

Microchemical Reactions with Thiosulphuric Acid. A. 

Bolland (pompt. rend,, 1919, 169, 651 — 654). — Sodium thio- 
sulphate gives crystalline precipitates, which are well defined when 
examined microscopically, with thallous nitrate, barium chloride 
lead acetate, and benzidine. Sketches are given of the micro-^ 
crystalline structure of these precipitates. In the case of barium 
chloride, the appearance of the precipitate varies with the experi- 
mental conditions. It is preferable, in this case, to use a concen- 
trated solution of the thiosulphate. 

Electroanalysis o! Copper without Platinum Electrodes. 

Juan Guiteeas {Anal. Fis. Quim., 1919, 17, 209 — 216. See A.' 
1915, h, 652, and 1916, ii, 199). — A copper cathode and a rotating 
anode of passive iron were employed. 01 — 0*2 Gram of electrolytic 
copper was dissolved in twenty drops of nitric acid for each estim- 
ation, and the various electrolytes were prepared by the addition 
of the following solutions; (1) 5 grams of disodium phosphate in 
water and 15 c.c. of concentrated ammonia solution; (2) 5 c.c. of 
50% ammonium acetate solution and 15 c.c. of ammonia- 

(3) 3 grams of ammonium oxalate in water and 15 c.c. of ammonia* 

(4) 15 C.C. of formic acid solution (75 c.c. of water and 25 c.c. of 

formic acid, D 1*2) and 15 c.c. of ammonia; (5) 2 grams of citric 
acid in water and 15 c.c. of ammonia; (6) 2 grams of boric acid 
in water and 15 c.c. of ammonia. During electrolysis, the electro- 
lyte was kept warm and the voltage gradually reduced from about 
3 volts to 1-7 — 1-8 volts. The experiments were repeated with the 
constant voltage of one accumulator throughout. In all cases, the 
deposits on the cathode w'ere coherent and the results satisfactory. 
Experiments in ammoniacal solutions of thiocyanate gave 
inaccurate results. W. S. M. 

New Separation o! Aluminium and Vanadium. P. AVenger 

and H. Vogelson {Hdv. Chim, Acta, 1919, 2, 550 — 553). — Methods 
are described for the quantitative separation of (1) aluminium and 
vanadium, (2) aluminium, iron, and vanadium. • In the case of 
aluminium and vanadium the mixture of oxides is heated with six 
times its weight of anhydrous sodium carbonate, at first gradually, 
until the mass melts, and then at a higher temperature for three 
hours. The crucible and contents are allowed to cool somewhat, 
plunged into^distilled water, and raised to the boiling point, when a 
clear solution of sodium aluminate and vanadate is obtained. The 
solution is made up to 500 c.c. with di. stilled water, raised to the 
boiling point, and treated with about ten times its weight of am- 
monium nitrate in small quantities. Aluminium hydroxide is pre- 
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cipitafced, filtered, washed, ignited, and weighed as AlgOg. The 
filtrate is acidified with, hydrochloric acid, neutralised With am- 
monia, raised to the boiling jwint, and treated with barium chloride 
solution. Barium vanadate is precipitated ; the precipitate is kept 
for twenty 'four hours, filtered, washed with cold water, dri^, 
ignited, and weighed as Ba(V 03 ) 2 . In the presence of iron a solu- 
tion is made which is precipitated cold by ammonia. This precipi- 
tate which contains iron and aluminium hydroxides and ammonium 
vanadate, is filtered, waslied, ignited in a platinum crucible, mixed 
with six times its weight of sodium carbonate, and ignited as before. 
The fused mass is dissolved in water to which 1 gram of sodium 
carbonate has been added. The iron left insoluble as oxide is 
filtered off and weighed, and the filtrate treated as described above. 
The results of the'analyses are extremely good. J. F. S. 

Sulphite Method for the Separation and Estimation of 
Galliuxn when Associated with Zinc, Lyman E. Porter and 
Philip E. Browning (/. Amer. Chem. 8oc.^ 1919, 41, 1491 — 1494). 

- -Gallium is conveniently precipitated from neutral or acid solu- 
tions of zinc by adding 4 or 5 c.c. of ammonium hydrogen sulphite 
solution (made from 1 :4 ammonia) to 200 c.c. of the zinc solution 
and boiling. If gallium is present it will be precipitated in granu- 
lar form and can be filtered and washed by decantation. The pre- 
cipitate is dissolved in a few drops of hydrochloric acid, diluted to 
200 c.c. with water, and repreci}>itated as before. This is filtered, 
washed, ignited, and weighed as Ga-^Og. The potassium ferrocyanide 
test is sensitive to 0*0002 gram of gallium, and may be used to detect 
this element in the presence of zinc, If .sodium or ammonium hydro- 
gen sulphite is added to such a cold solution and then {wtassium 
ferrocyanide, there will be no precipitation, but on the addition of a 
few drops of hydrochloric acid the gallium will l)e precipitated, hut 
not the zinc, d. E. S. 

Hydrochloric Acid Colour Method for Estimating Iron. 

J. C. Hostetter (7. Anie^. Chevi, Soc ., 1919, 41, 1531 — 1543). — A 
method has been elaborated by winch tlie yellow^ colour produced by 
dissolving ferric chloride in hydrochloric acid may be used for the 
estimation of iron. This involves the comparison of the tint with 
standard tints. Tlie temperature- coefficient for the colour varies 
2—3% per degree, depending on the concentration of the iron and 
probably also on the acidity. Tlie colour developed by a given 
amount of iron varies with the acid concentration, reaching the 
maximuni intensity at *Jfi — 28^o of hydrochloric acid. The relative 
increase produced by acid is greater the higher the concentration of 
iron; this is especially true above 20% of hydrochloric acid, but 
below this concentration the relative change is independent of the 
iron, content. Inasmuch as solutions must frequently be boiled in 
order to ensure complete solution of tlip iron present as scale, 
the use of constant boiling acid is re ommended, and its use has 
Wn found to be altogether ‘^atisfacMw. The effect of salts on the 
colour indicates that sulphates ci. ise bleaching, and chlorides 
intensification; a deUiled siu<ly of the effect of calcium chloride 
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shows that an intensification of 2*5 may be atteined by the addi- 
tion of this salt; consequently, when testing for 
soluble chloride the standard iron solution must be made up to the 
same salt concentration. * 

A Method for the Quick Estimation of the Nickel-Iron 
in Meteorites. G. T. Prior {Mm. Mag 1919, 18, 349 ■353).- 
The classification of meteorites based on the amount of mckeWron 
they contain and the ratio of iron to nickel in this metallic portion 
I A 1916 ii 635) requires a rapid method applicable to meteoric 
stones for th; estimation of these quantities. The sieved material is 
fenrrated into attracted and unattracted portions by a magnetic 
comb The former is digested with dilute aqua regia, and the 
iZLle silicate which was entangled with the metal separated ofl; 
Estimations of the silica and sulphur give the amounts of the soluble 
Eilic“te (olivine) and the troilite (FeS); these deducted from the 
weieht of the attracted portion, give the weight of the nickel-iron. 
& is estimated by precipitation with dimethylg^^yoxime in an 
al quot portion of the solution. The method is applied to the partia 
Analysis of seventeen met«,ric ^ton^, and the resulte (percentage of 
nickel-iron, and ratio of Fe + Co;Ni) are tabulated. L. J. 8. 

Elactroanalysis of Nickel without Platinum Electrodes. 
EMtoroTR“lz-EsPlK.a {Anal. Fis. Qnirn., 1919 1 7,, 199-206, 
See A 1916 ii 494)- — A copper cathode and a rotating iron anode, 
render^ passive by immersion in nitric acid, were employed. About 
0-1 gram of pure nickel was dissolved in 15 drops of nitric acid and 
the solution Evaporated to dryness after the addition of 18 drops of 
sulphuric acid. The various electrolytes were prepared by the 
further addition of the following to the nmkel sulphate thus 
obtained : (1) sodium phosphate solution and 10 c.c. of concentrated 
ammonia solution; (2) 5 c.c. of 50% ammonium acetate solution and 
10 c.c. of ammonia; (3) 15 c.c. of 25% fonnic acid and 15 c.c. of 
ammonia; (4) 5 grams of ammonium oxalate in 15 c.c. of water 
and 15 c.c. of ammonia; (5) 2 grams of crystallised boric acid and 
15 c.c. of ammonia; (6) 2 grams of tartaric acid and 10 c.c. of 
ammonia. In each case a convenient quantity of water was a so 
added During the electrolysis the electrolyte was kept slightly 
warm, and the current increased progressively from, OA ampere to 
about 0-8 ampere. The results were moderately aatisfactoiy in a 
cases except the last, in which the iron of the anode ^ ^ 

dissolved and deposited with tlie nickel. 

Estimation of Tin. F. Le Naour (Ann. Chm. anah, 1919, [ii], 

1 308 — 309). — The author finds that ignited stannic 

is not appreciably hygroscopic, although ^fwbed only 

contrary (A., 1918, ii. 408). One gram of the oxide 

2 mg. of moisture when exposed te the atmosphere 
hours. 

The System n-Butyl Alcohol-Aceton^Water Jossffl 

RElttv and Edgar W. Ralph {Sci. Prnc 

16 , 597— 608).— The densities of a senes of n-butyl alcohol 
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water mixtures have been determined, and graphs from these pre- ’ 
pared with rectangular and triangular co-ordinates. From these 
results the composition of an unknown mixture may readily be 
obtained with a fair degree of accuracy if a density determination 
and the estimation of one constituent are made. The limit of solu- 
bility of «-butyl alcohol in water at 20*^ is 7 '9% and of water in 
ft-butyl alcohol 20%. The maximum contraction for mixtures of 
«-butyl alcohol and water within the range of solubility at 20° 
i9 0‘74%. 

Acetone and n -butyl alcohol are miscible in all proportions, there 
being a slight increase of volume on mixing. W. G-. 

estimation of Methyl Chloride in Gas Mixtures. V. C. 

Allison and M. H. Meighan (</. Itul. 'Bnfj, Chem., 1919, 11, 
943 — 946). — The method pro^^sed depends on the solubility of 
methyl cWoride in glacial acetic acid, and is particularly useful for 
estimating the proportion of methyl chloride in chlorinated natural 
m, A measured volume of the gas is led six times into a Henipei 
pipette containing glacial acetic acid, and then returned to the 
measuring burette j the contraction in volume gives the quantity of 
methyl chloride present. One volume of acetic acid absorbs more 
than 40 volumevS of methyl chloride and 4 volumes of natural gas, 
bat the solubility of the latter is very small when the gaseous mix- 
ture contains 40% or more of methyl chloride. Tiie results obtained 
agree with those found by the partial pressure njethod (A,. 1915, 
iUOO). W. P, S. 

Sulphoual. A. Falck {Pharm. Zentr,-h.y 1919, 60, 409—416). 
— Tlie solubility of sulphoual in various solvents was found to be as 
follows, the figures representing grams of solvent required to dis- 
solve 1 gram of the substance: Water at 15°, 423; water at 100°, 
8; 90% alcohol at 15°, 60; ether at 17°, 79; chloroform at 20°, 3‘3; 
methylene chloride, 2'8; tozene at 17° 12'7; ethyl acetate, 13'7; 
toluene, 19’3; carbon tetrachloride, 110; carbon disulphide, 440; 
2% sodium chloride solution at 18°, 440. Owing to the fact that 
sulphonal begins to volatilise at 60° and is very appreciably volatile 
in the presence of water-vapour, solutions containing the substance 
should not be concentrated by evaporation before the quantity of 
sulphonal is estimated. The sulphonal should be extracted with 
chloroform and the extract evaporated at a low temperature. Sul- 
phonal is stable for a long time in the presence of decomposing 
organic matter, and characteristic crystals may be obtained from its 
ether or chloroform solution. W. P. S. 

The Eitimatiozi of the Volatile Fatty Acids by an 
Improved Distillation Method. Joseph Reilly and Wilfred 
J. Hickinbottom {Sci. Proc. Poy. Puhlin 1919, 15,513 — 538), 
-ylt is known that wlieu dilute solutions of organic fatty acids are 
ristilled certain regularities are observed. Various forms of distil- 
htion constants liave been .suggested by Duclaux (A., 1896, ii, 504), 
Namnann and Muller (A., 1901, i, 204), and Stein (A., 1913, ii, 670) 
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to express such, regularities. These constants may be derived from 
Nemst’s law of distribution, and on this law the authors base a dis- 
cussion of the theory of distillation of dilute solutions. A method of 
distillation at constant volume, in which only small changes in oon- 
centration occur, is recommended, and an apparatus is described in 
which this process may be simply and satisfactorily carried on. The 
distiMatiou constants of the fatty acids from formic to octoic have 
been determined, and it is shown that there is a definite relationship 
between the rate of distillation and the molecular constitution of 
these acids. Acids containing a branched carbon chain have higher 
constants than normal acids of the same molecular weight. 

The methods of calculation are quite satisfactory for establishino 
the identity and purity of a solution of a single volatile fatty acicf 
and also give fairly accurate results in the analysis of “two-aeid” 
mixtures. The results with mixtures of three acids are not so satis- 
factory. The method may be applied to fermentation products. By 
suitable modification of the apparatus the distillation constants for 
the volatile acids in butter and coco-butter can be determined and 
utilised for detecting the presence of adulterants. W. G. 

Estimation of Lactic Acid by Oxidation. 0. Schuppli 
(MitU Lehensmittdunters, u. Hyg., 10, 44 — 47; from Chem, Zenir. 
1919, ii, 894).-“Szeberenyi’s process (A., 1918, ii, 138) gives trust-' 
worthy results in aqueous solution, but is not applicable to wines 

H. W' 

Naphtharesorcinolcarboxylic [1 : 3-DibydroxynapbUialene 
2-carboxylic] Acid as a Reagent for Glycuronic Acid, Y, 

Asahina and C. IIasegawa (T akugakuzasf^hi [,/. Pham. Soc. 
Japan], 1919, No. 448, 484 -489). — 1 : 3-Dihydroxy naphthalene-2- 
carboxylic acid, which cannot be preserved unchanged for any 
length of time, is best kept in the form of the barium salt, from 
which it is prepared, when required, by treatment with hydro- 
chloric acid. The authors also describe the preparation of this 
reagent from phenyl acetic acid by Metzners method (A., 1898, 

152). Chemical Abstracts. 

Detection of Small Amounts of Chloral in the Presence 
of Chloroform and Formalin Embalming Fluid. A. 0. 

Gettler {Proc. Soc. Erp. /f/o/. 1919, 16, 110-116; from 

Physiol. Ahstr.j 1919, 4, 255). — When kept at the ordinary 
temperature for half an hour with sodium carbonate and phloro- 
glucinol, chloral develops lilac to orange, to blood orange, to deep 
red colorations, the shade depending on the amount of chloral 
present Chloroform does not give this reaction ; formaldehyde and 
acetaldehyde give a red colour, With resorcinol and sodiiiai 
carbonate^ chloral gives a red colour and a green fluorescence, the 
latter even in dilute solution ; chloroform does not yield the green 
fluorescence, whilst substances of an aldehydic character do not 
give the reaction. S. W. 
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